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Instructions for Authors 


Note: Please read these instructions carefully—technical deficien- 
cies must be corrected before manuscripts can be reviewed. 

Send manuscripts to the Editor, Morton F. Goldberg, MD, Univer- 
sity of Illinois Eye and Ear Infirmary, 1855 W Taylor St, Chicago, IL 
60612; (312) 996-2327. Manuscripts are received with the under- 
standing that they have not previously been published anywhere in 
any language and are not under simultaneous consideration by 
another publication. A complete manuscript submitted following 
presentation or publication of preliminary findings elsewhere (eg, 
in an abstract) can be considered. Include copies of possibly 
duplicative material. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published elsewhere 
without permission from the publisher (AMA). After initial 
publication, certain articles will appear in translation in the 
Chinese-language edition. 

The text should, in general, not exceed 14 double-spaced type- 
written pages. 

Transmittal letters to the editor must contain the following language: 
“In consideration of the American Medical Association’s taking action 
in reviewing and editing my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright ownership to the 
AMA in the event that such work is published by the AMA.” This 
statement must be signed by all authors listed before it can be sent out 
for review. We regret that transmittal letters not containing the 
foregoing language signed by all authors of the submission will 
necessitate delay in the review of the manuscript. 

In case the work was done by a federal employee, each author 
must include a signed statement that the work reported was done 
while he or she was employed by the federal government. 

Author Responsibility.— All accepted manuscripts are subject to 
copy editing. The corresponding author will receive an edited 
typescript rather than galley proofs for approval. The author is 
responsible for all statements in his work, including changes made 
by the copy editor. Designate one author as correspondent and 
provide his address and telephone number. A manuscript should 
not ordinarily list more than six authors. If more than six authors 
are listed, a detailed written description of each person’s personal 
contributions should be submitted with the manuscript. Such 
contributions must be substantial. 

Manuscript Preparation.—Submit an original typescript and two 
high-quality copies. All copy (including references, legends, and 
tables) must be typed double-spaced on 21.6 X 27.9-cm (8'2 X 11- 
in) paper. Margins of at least 2.5 cm (1 in) must be provided. If a 
word processor is used, do not justify the right margin. 

Titles.—Titles should be short, specific, and clear and typed on a 
special page. They should not exceed 42 characters per line, 
including punctuation and spaces, and be limited to two lines, if 
possible. The title page should include the first name, middle 
initial, and last name of all authors with their highest academic 
degree and professional affiliation of all authors and city location. 
It should also include the address (if different from the senior 
author’s) to which requests for reprints should be sent. 

Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effect that legal requirements governing consent were 
met. 

Refer to patients by number, eg, patient 1 (or, in anecdotal 
reports, by fictitious given names). 

Proprietary Statement.—If the article discusses in any way a 
device, equipment, an instrument, or a drug, the author(s) must 
state in a footnote whether they do or do not have any commercial 
or proprietary interest in the product or company. Likewise, they 
must reveal whether they have any financial interest as a 
consultant, reviewer, or evaluator. In addition, authors must 
disclose any financial interest owned by a spouse, minor child, 
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blood relative living in the same household, or known to be held by 
the author’s employer, partner, or business associate. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract should be specific and 
sufficiently complete to allow the reader a quick evaluation of the 
paper. Do not include a “summary” section in the main manu- 
script. 

References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references but parenthetically within the 
text. References to journal articles should include (1) author(s) (if 
more than three, write “et al” after the third name), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) 
volume number, and (6) inclusive page numbers, in that order. 
References to books should include (1) author(s), (2) chapter title 
(if any), (3) editors (if any), (4) title of book, (5) city of publication, 
(6) publisher, (7) year, and (8) page, if indicated. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity mea- 
surements and intraocular pressure recordings.) 

[llustrations.— Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrations per manuscript 
would have to be justified. Submit illustrations (5X7 in) in 
triplicate, unmounted and untrimmed. Do not send original 
artwork. Send high-contrast glossy prints. Figure number, name 
of senior author, and arrow indicating “top” should be typed on a 
gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered to 
achieve uniformity of lettering style throughout the journal. 
Magnification and stain should be provided when pertinent. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 


PLEASE NOTE: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 
(SECRETARY’S CHECKLIST) 


(1) Failure to send original typed manuscripts plus two 
copies. 

(2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

(3) References not in proper format, not in numerical 
order, or not cited in text. 

(4) Use of 1%-spacing rather than double-spacing. Do 
not justify right margins. 

(5) Failure to send three sets of illustrations/photo- 
graphs or original color slides plus two sets of color 
prints. 

(6) Title too long. 

(7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor), case reports, photo 
essays). Abstract too long. 

(8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

(9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). Failure to include proprietary statement. 

—(10) Failure to include all authors’ personal signatures 
on copyright transmittal form (see paragraph 3). 

—(11) Failure to designate the corresponding author and 
provide phone number and address. 

—(12) Failure to include consent forms for illustrations 
previously published elsewhere. Failure to indicate 
willingness to pay for author’s share of color illus- 
trations. 
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manuscript. Please submit one set of positive transparencies (35 
mm slides) and two sets of color prints. The ARCHIVES will pay 
part of the expense of reproduction and printing color illustra- 
tions, the remainder to be borne by the author. Submit a state- 
ment indicating author’s willingness to accept this cost. After 
deducting the ARCHIVES’ contribution, the author’s share is $400 
for up to six square-finished illustrations that can be arranged on 
a one-page layout. Any additional illustrations or special effects 
will be billed to the author at cost. 

Legends.—Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum 
of 40 words and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, for 
enhanced understanding. 

Authorized Use of Photographs.— Recognizable photographs may 
be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 

Acknowledgments.— Illustrations from other publications are 
rarely published but if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of 
journal or book, volume number, page(s), month, and year. The 
Süblisher’s permission to reprint must accompany the manu- 
script. 

Statistical Consultation.— We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author[s]) should be included. 

Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-em (8% X 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 
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if pertinent, should be submitted in triplicate. Ther 
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Correspondence and Case Reports.—Contributions 
may include comments on articles published in 
informative case reports, or other matters of ophtł 
Such letters are subject to editorial review and wi 
as space and editorial priorities permit. Published 
listed by author and title in the table of contents, a 
subjects are indexed by the major indexing services 
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length. There should be a maximum of three ri 
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Reprints.— Reprints can be ordered at the time tł 
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AMA Manual of Style.—This 1988 edition, forme: 
for Authors & Editors, is available from Williams & 
Preston St, Baltimore, MD 21202. Single copy p: 
shipping charge is added on all orders not prepaic 
ordering information is needed, or to order by 1 
1-800-638-0672. 


From the Archives of the Archives 


Abnormal development seen in a new light...... 


It has been shown experimentally by Stockard‘ and others that any structural arrestment or devel 
defect will rarely disappear, but it will likely mar the full perfection of the eye. 

NotE.—Stockard’s investigation on the abnormal or arrested embryonic development in the eyes of ve 
and mammals may give a hint of what takes place in man. He found in the development of the vertebrat 
first actual organ to arise in the embryo and appear as an enormous outgrowth, that if the embryo is trea 
several critical moments determined for the origin of its different structures, its structural arres 
alteration rarely recovers from this modification, even though a normal rate of development be sub 
established. Any interruption during development or any deficiency in general development energy is 
cause imperfections of the eye. 

Thus when the eggs of a marine fish are developed in sea water to which has been added salt, sugal 
substances, or by subjecting the eggs to a low temperature or reducing their oxygen supply, one or both ey 
suppressed, or either or both eyes may show all degrees of microphthalmia or maldevelopment. 

The mammalian embryo, although better protected on account of its internal development, may likey 
abnormal eyes if the female (guinea-pig) is treated with ether or alcohol, which may act directly on the 
circulation. 
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Application of Minute Amounts of 
Glue to the Cornea 


To the Editor.—Polycyanoacrylates have been shown to be 
useful in various corneal diseases, including traumatic 
perforations and peripheral melting conditions. Many arti- 
cles discuss its use in already-perforated eyes. However, it 
is known that glue is a useful adjunct that can aid in 
corneal healing before perforation occurs.' It can be diffi- 
cult, however, to apply very small amounts of glue to a 
precise location on the cornea. A new method of controlled 
glue application is presented by illustrating its use in a 
patient in whom melting of a corneal transplant threat- 
ened perforation. 


Report of a Case.—A 40-year-old man with keratoconus and 
pellucid marginal degeneration underwent corneal transplanta- 
tion in the left eye. His postoperative course was marked by 
persistent epithelial defects. He then developed a noninfected 90% 
loss of stroma at the graft-host interface despite patching and 
discontinuation of steroid treatment. We elected to glue the area 
in an attempt to prevent perforation. Excessive steepness of the 
cornea prevented successful fitting of a soft bandage contact lens. 
Application of a small amount of glue to fit below the surface of 
the cornea in the melted area was required to prevent irritation of 
the eyelids by the glue. A drop of glue from a 27- or 30-gauge 
tuberculin syringe would have been too large to only fill in the 
defect. 

The end of a sterile cotton tip applicator was broken off to 
create a pointed tip. Ophthalmic ointment was placed around the 
stick 3 mm from the tip. This prevented the glue from being 
absorbed up the shaft by capillary action (Figure). Glue was 
applied to the tip of the stick from a 27-gauge needle on a 
tuberculin syringe. After the wood was saturated with glue, small 
amounts were placed in the defect. The glue did not irritate the 
eye because it was within the defect. The area of melting 
stabilized. The glue remained in place for five days. At that time, a 
partial tarsorrhaphy was performed to aid in further healing of 
the defect. 


Schematic drawing of broken wooden applicator stick with ophthalmic 
ointment near tip to prevent excessive absorption of glue. 
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Comment.—Cyanoacrylates have been used experimen- 
tally in many areas of ophthalmology and clinically in 
corneal melting conditions and perforations. Methods of 
application, such as expressing glue from a 27-gauge 
needle on a tuberculin syringe, can produce 0.05 mL of glue, 
which can be excessive in certain situations.’ Our applica- 
tion technique is similar to that described by Mandelbaum 
and Udell.’ However, they used a specialized plastic 
microapplicator to apply small amounts of glue. With our 
technique, glue, in minute quantities, can be applied with 
materials commonly found in every ophthalmic office. The 
use of an applicator stick with a polyethylene disc! is 
another way to apply glue to a cornea and achieve a smooth 
outer surface. However, controlled applications of small 
amounts of glue are difficult with this method. The best 
method of glue application will depend on the clinical 
situation; our technique offers the ophthalmologist anoth- 
er alternative. 

MICHAEL P. VRABEC, MD 
GEORGE J. FLORAKIS, MD 
JAY H. KRACHMER, MD 
lowa City 
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Use of Ophthalmic Ointment to Separate Adhesive 


To the Editor.—In response to your recent correspondence 
on container confusion between eye drops and other sub- 
stances’? and your case report on treatment for inadver- 
tent cyanoacrylate tarsorrhaphy,’ I refer you to my case 
report of 1984.4 An ophthalmic ointment instilled through 
any small defect in the adhesive tarsorrhaphy will hasten 
separation of the adhesive shell and its atraumatic remov- 
al. In fact, if patience is exercised, the rapid turnover of the 
ocular epithelia will see to it that the adhesive separates 
quickly in any case. To give a general anesthetic for such a 
case would surely be exposing the patient to unnecessary 
risks. 

Stephen J. Morcan, DO, FRCSED 

Southampton, England 
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Increase in Short-term Fluctuation May Be a Clue for 
Differentiating Dystrophic From Acquired Defects in 
Anterior Visual Pathways 


To the Editor.—In clinical practice, dystrophic lesions of 
the anterior visual pathways may be misdiagnosed as 
acquired lesions, and vice versa.' In acquired defects, 
transient changes in visual function often occur, whereas 
they rarely occur in dystrophic disorders of these neural 
pathways. 

OCTOPUS (Interzeag AG, Schlieren, Switzerland) auto- 
mated perimeter programs offer two modes of evaluating 
transient changes in visual function, according to the 
program selected: (1) the so-called root mean square 
fluctuation, or (2) the “short-term fluctuation” (SF), both 
of which require a time interval of less than 15 minutes 
between threshold testings. However, there are indications 
that the SF index is the more accurate means of measuring 
these transient changes in visual function.’ 

We therefore analyzed SF values (computed by the G1 
program) obtained (1) from 41 examinations evaluating 
defects in optic neuritis or anterior visual pathway com- 
pression, and compared these values with those obtained 
(2) from examinations performed in six eyes with tilted 
disc syndrome (all six of these eyes demonstrated signifi- 
cant visual field defects). To our knowledge, such a study 
has not been previously undertaken using this method. All 
tested subjects were previously trained, were cooperative, 
and had excellent central target fixation during examina- 
tion sessions. 

Among cases of optic neuritis or anterior visual pathway 
compression, the mean (+SD) SF value was 2.6 + 0.5 dB, 
while in subjects with tilted discs, the mean SF value was 
1.7 + 0.3 dB. All SF values in the latter group were 2 dB or 
less. Distribution of SF values in each group was not 
skewed. Student’s t test indicated that values obtained 
from these two groups of examinations differed signifi- 
cantly (P < .01). 

We therefore consider that, in cooperative patients, an 
increase in SF beyond 2.3 dB using the OCTOPUS G1 
program may be an additional clue suggesting the presence 
of an acquired lesion of the anterior visual pathways. 

AVINOAM B. SAFRAN, MD 
CATHERINE DE WEISSE 
Geneva 


J. Coles, PhD, assisted in statistical evaluation of the data. 
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Genetic Subtypes in Retinitis Pigmentosa 


To the Editor.—In their article in the March 1988 
ARCHIVES, Hunter and colleagues! state that “Attempts to 
elucidate the pathogeneses of these [genetic] subtypes have 
been confounded by studies that have considered all 
patients with RP [retinitis pigmentosa] as a single group,” 
after which two RP studies of which I was one of the 
authors are referenced. 

It appears that a careful reading was not given to our 
articles, as Table 1 in the article on autoimmunity in 
hereditary retinal degeneration’ illustrates the great 
effort the UCLA Retinitis Pigmentosa Center takes to 
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subdivide patients with RP on a hereditary and test 
rationale, while our study correlating the fluorescein 
angiographic findings with the presence or absence of 
antiretinal antibodies’ also looked at differences between 
patients with typical rod-cone vs cone-rod degeneration 
(type I vs type II RP, Baltimore classification). Hunter et 
al appear to be critical of the inclusion of patients with 
simplex RP, yet this group constitutes the greatest per- 
centage of patients with RP, and while they represent a 
heterogeneous mixture it is still possible to derive infor- 
mation from these patients, particularly if they are cor- 
rectly classified. The inclusion of patients with simplex RP 
is a trend that should be encouraged since it means that a 
study has not incorrectly placed these patients in the 
autosomal recessive group. 

There is no question that grouping of patients with RP 
without adequate subclassification has been a deficiency of 
some studies, but care must be taken to ensure that 
divisions used are likely to be consistent with the ultimate 
genetic defect or pathogenetic mechanism. The authors are 
to be commended on an interesting article and the pursuit 
of an accessible tissue model to further study RP. 

JOHN R. HECKENLIVELY, MD 
Los Angeles 
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Interest in the Report of a New Treatment 


To the Editor.—The Wall Street Journal’s “Heard on the 
Street” column appears to have been usurped in the June 
1988 issue of the ARCHIVES. However, the high standards 
normally required for acceptance by both publications do 
not seem to be met by two letters.” 

The photographs used in the first letter’ were provided 
by the manufacturer. These are the same photographs that 
appear in a promotional brochure prepared by the manu- 
facturer. Such a source is normally considered suspect and 
unacceptable in a clinical study. An added point—minor 
but indicative of poor preparation—is that Fig 2 is a 
reversed printing of the photograph as it appears in the 
manufacturer’s brochure. 

In their letter, Polack and Goodman! suggest reliance on 
subjective responses from patients that apparently were 
not substantiated by objective observations by the 
authors. 

In the second letter, Leibowitz and Capino?’ suspect that 
the formulation of the baby shampoo has been changed. 
However, they are unable to confirm this. An explanation 
of the unsuccessful efforts made to obtain confirmatory 
information should have been at least mentioned. 

These same authors admit that additional studies were 
not carried out in a scientific manner and that they did not 
keep careful records of their findings. Yet they offer 
conclusions based on such an approach. 

The disclaimer that “the authors have no commercial or 
proprietary interest in any product discussed in this 
correspondence” appears on the surface to be straightfor- 
ward and above reproach. However, to one who knows the 
background of Spectra Pharmaceutical Services Inc, Han- 
over, Mass, and the makeup of its executive staff, this 
disclaimer is inadequate. It should include mention of any 
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personal relationships with executives and stockholders of 
Spectra. 

Spectra’s I-Scrub may prove to be the treatment of 
choice in chronic blepharitis, and one that is superior to 
treatment with baby shampoo. That is not a matter of 
contention in this correspondence. The important issue 
raised by the two articles reporting favorably on I-Scrub 
is: Were the ARCHIVES and its readers used in a public 
relations maneuver by a start-up pharmaceutical company 
to promote its own stock? 

WILLIAM C. CACCAMISE, MD 
Rochester, NY 


1. Polack FM, Goodman DF: Experience with a new detergent lid scrub in 
the management of chronic blepharitis. Arch Ophthalmol 1988;106:719- 
720. 

2. Leibowitz HM, Capino D: Treatment of chronic blepharitis. Arch 
Ophthalmol 1988;106:720. 

The authors of reference 1 declined to comment. The authors of 
reference 2 respond below, as does the president of the involved 
pharmaceutical company.—ED. 


In Reply.—Dr Caccamise’s letter raises some rather cogent 
issues. Regrettably, he does so in an accusatory fashion. 

Our motivation for writing a letter to the editor was 
straightforward. One of us (H.M.L.) had edited a textbook 
that recommended a therapeutic regimen for chronic 
blepharitis. Clinically that regimen had ceased to be 
effective, and the change in effect seemed to be related to 
the product being used to scrub the eyelids, namely, 
Johnson’s Baby Shampoo (Johnson & Johnson Baby Prod- 
uct Co, Skillman, NJ). The manufacturer of this product 
was at the time advertising widely that “conditioners” had 
been added to the product and was promoting it for use as 
an adult shampoo. Several patients called our attention to 
the fact that they discerned physical differences in the 
product, and our discussions with a number of pharmacists 
confirmed this observation. We commented on this in the 
original text of the letter, but our comments were deleted 
during editorial review as “vague” and “undefined”: the 
editors correctly pointed out that we had not really proved 
that there was an “old” or a “new” form of Johnson’s Baby 
Shampoo. Several telephone calls from us to Johnson & 
Johnson were not productive. Johnson’s Baby Shampoo is 
neither a pharmaceutical agent nor is it marketed for 
scrubbing the eyelids, so in view of our dissatisfaction with 
the product, it was not surprising that we were unable to 
obtain specific information about changes in its formula- 
tion. 

In any event, we were confronted with a therapeutic 
regimen that we had recommended in a prior publication 
but that was no longer effective. We had, primarily 
through trial and error, come upon an alternative regimen 
that we believed to be clinically superior. We felt that both 
observations were meaningful and we wished to communi- 
cate them. A letter to the editor seemed to be a reasonable 
format for this communication; indeed, since we had not 
carried out any controlled scientific studies, it is probably 
the only appropriate format. We simply presented our 
personal observations. We made no elaborate claims, and 
we commented negatively on that part of the I-Scrub 
product that we found to be of no value. We were unaware 
of the Polack and Goodman letter at the time that we 
submitted our own. 

We repeat our original disclaimer and regret that Dr 
Caccamise finds it inadequate. We are not certain what he 
means to imply by the term personal relationship. One of 
us (H.M.L.) does know executives of Spectra. He similarly 
knows executives at most of the major and many of the 
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minor manufacturers of ophthalmic pharmaceuticals in 
this country as an outgrowth of his long-time interest and 
research activities in this field. 

Dr Caccamise raises a final question. Were the ARCHIVES 
and its readers used in a public relations maneuver by a 
start-up pharmaceutical company to promote its own 
stock? Our response: Not through us! 

We would like to raise a question of our own. Has Dr 
Caccamise used I-Scrub according to our recommendations 
and does he take issue with our observations? 

HOWARD M. LEIBOWITZ, MD 
DIosDADO CAPINO, MD 
Boston 


In Reply.—As president of Spectra Pharmaceutical Ser- 
vices Inc, I appreciate the opportunity to respond to Dr 
Caccamise’s letter. 

Spectra was founded in 1985 on the credo that it would 
be dedicated to the development of innovative products for 
the ophthalmic patient and practitioner. 

Since our inception, we have been true to this credo. We 
have focused our attention on external surface ocular 
pathologic conditions, most notably blepharitis. The intro- 
duction of I-Scrub in early 1987 represented a scientific 
approach to the hygienic management of those anatomic 
structures associated with blepharitis. Since introduction 
of I-Scrub, approximately 100 ophthalmologists have per- 
sonally called us to report on its excellent results and 
favorable patient compliance. 

Worldwide recognized experts in the area of external 
ocular disease, namely Drs Leibowitz, Capino, Polack, and 
Goodman, have independently evaluated I-Scrub and pub- 
lished their clinical impressions as letters in the 
ARCHIVES. 

Clinical impressions of leading clinicians in all medical 
disciplines have historically served a vital role in educat- 
ing those practitioners not familiar with a particular 
product or even a surgical procedure. Especially with new 
innovations, such impressions (often based on evaluations 
of patient responses) offer fellow practitioners an initial 
assessment of the benefits or faults of a product or 
procedure. 

The letters by Drs Leibowitz, Capino, Polack, and Good- 
man were submitted to the ARCHIVES not because they 
contained extensive scientific data that required a full 
clinical study, but for the rapid publication of observations 
on the use of the product. It is the intention of Spectra to 
publish the positive as well as the negative aspects of a 
product that is of interest to the ophthalmic community. 

JAMES A. HANNAN 
Hanover, Mass 


Comparison of Timolol Maleate and Levobunolol!: 
Doses and Volume per Bottle 


To the Editor.—Timolol maleate (Timoptic) and levobuno- 
lol hydrochloride (Betagan) are nonselective 6-adrenergic 
blockers that have been found equally effective in reducing 
intraocular pressure in patients with all types of glauco- 
ma.' No statistical differences exist between the two in the 
amount of pressure-lowering effect using a twice-a-day 
treatment regimen. Therefore, levobunolol offers no 
apparent clinical advantage compared with timolol for the 
treatment of glaucoma. However, levobunolol has been 
offered to pharmacists at a lower per-bottle cost, thereby 
creating an incentive for using it rather than timolol. In a 
cost-conscious society where the usual dose of a 8-adrener- 
gic blocker is one drop twice a day in each eye, the total 
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number of drops delivered per equivalent size bottle (10 
mL) is an important issue. We compared the number of 
drops (doses) per 10-mL bottle of timolol and levobuno- 
lol. 

To simulate the method of drop delivery customarily used 
by patients, ten bottles each of timolol and levobunolol 
(each labeled to contain 10 mL) were emptied by squeezing 
drop by drop into a graduated cylinder, calibrated to be 
accurate within 1.5% (+0.15 mL/10 mL). The number of 
drops per bottle were counted and the total volume in each 
bottle was measured. Timolol averaged 391 drops per 10-mL 
bottle; levobunolol averaged 220 drops per 10-mL bottle. 
Total volume of fluid in timolol bottles averaged 11.1 mL 
and levobunolol averaged 10.1 mL. Timolol averaged 35.2 
drops per milliliter and levobunolol averaged 21.8 drops per 
milliliter. Drop size (calculated by dividing the number of 
drops per bottle into the volume per bottle and then 
averaging the drop size of all the bottles of each medication) 
was 28 uL for timolol and 46 uL for levobunolol. Total 
volume and drop size were consistent with manufacturers’ 
information for these medications (Teresa P. Dowling, 
PhD, Senior Drug Information Specialist, Merck, Sharp & 
Dohme, written communication, December 1987) (Allergan 
Laboratories and Merck, Sharp & Dohme, oral communica- 
tion, December 1987). A 10-mL bottle of timolol routinely 
contains approximately 11 mL of fluid. 

Timolol averaged 1.77 times more drops per 10-mL bottle 
than levobunolol, and contained an extra milliliter per 
bottle. A 10-mL bottle of levobunolol can cost less than a 
10-mL bottle of timolol and yet be more expensive per dose. 
For levobunolol to cost less per drop (dose) it would have to 
cost 56% less per equivalent bottle (10 mL). In addition to 
the extra milliliter found in the timolol bottle labeled 10 
mL, reasons for the greater number of drops per bottle 
may include the following: The Ocumeter delivery system 
of timolol provides a smaller drop because of its design and 
timolol uses an aqueouslike solution for its vehicle while 
levobunolol uses a vehicle called Liquifilm, which has an 
increased viscosity and drop size. 

To compare the Ocumeter delivery system of timolol 
with the levobunolol delivery system, empty bottles from 
both medications were refilled with 10 mL of balanced salt 
solution and the number of drops delivered per bottle were 
counted. Timolol bottles averaged 209 drops per bottle (48 
uL per drop). Levobunolol bottles averaged 182 drops per 
bottle (55 uL per drop). Statistical probability of the 
difference between the total drops per bottle being due to 
chance alone was less than .001. Some of the differences 
between the two bottles are a result of the dispensing 
system. This does not account for the entire difference in 
the delivery of medication between the timolol and levobu- 
nolol bottles. Manufacturers’ statements show the viscosi- 
ty of levobunolol to be 3.5 cp and of timolol, 3.1 cp 
(Allergan Laboratories, oral communication, December 
1987). The increased viscosity of levobunolol would appear 
to account for the remaining surplus of total drops not 
explained by the Ocumeter delivery system and the 
increased volume in each bottle of timolol. 

In summary, a drop-for-drop comparison showed that 
there were 1.77 times more drops (doses) of timolol than 
levobunolol per 10-mL bottle. This consideration may be 
important to the patient and the physician when choosing 
a topical 6-adrenergic blocker. 


JEFFREY S. SCHWARTZ, MD 
ROBERT E. CHRISTENSEN, MD 
Davip A. LEE, MD 

Los Angeles 
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Optic Disc Rim Area, Pallor, and Nerve Fiber Course 


To the Editor.—An important objective of most examina- 
tions of the optic nerve head is to estimate the mass of 
nerve tissue, which is assumed to reflect the number of 
retinal ganglion cell axons leaving the eye. 


l- f/cosa | 


Fig 1.—Skeleton drawing of nerve fiber with oblique course at level of 
scleral lip. Contribution A/cos a of nerve fiber to rim area increases 
when deviation œ increases. f indicates fiber thickness; a, deviation 
from perpendicular course; and A, cross section. 


Fig 2.—Schematic sections of two optic discs with same diameter. 
Top, Shallow cup, oblique fiber course, and large rim width. Bottom, 
Deep cup, perpendicular fiber course, and small rim width. C indicates 
cup diameter; d, disc diameter; and w, rim width. 
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Current clinical estimates in the living eye are based on 
measurements of the cup/disc ratio or the rim area and 
suffer from a strong dependence on the size of the optic 
nerve head. 

The association between the rim area and the disc size 
has been noticed in several recent articles. Britton et al! 
first confirmed our finding’ that the rim width is uncorre- 
lated with the disc diameter. This leads, on a pure geomet- 
ric basis, to a strong correlation (r = .75) between the rim 
and disc areas. Large discs, therefore, have large rim areas 
as well as large cups. Caprioli and Miller, who obtained 
similar results, rejected the hypothesis that eyes with 
larger discs may carry a greater number of ganglion cells 
than do eyes with smaller discs. Siebert et al* reported a 
multiple regression analysis showing mutually opposed 
influences of disc area and disc volume on rim area. 

The assumption that the rim area is directly related to 
the number of nerve fibers has, accordingly, to be aban- 
doned. We would therefore like to call attention to a simple 
geometric fact that makes the mentioned findings under- 
standable. Undoubtedly, the course of nerve fibers may be 
more or less oblique. The frontal section of a nerve fiber 
may, therefore, be larger than its cross section (Fig 1). At 
the level of the scleral lip, all such frontal sections add up 
to the rim area. The rim area will, therefore, depend not 
only on the number of fibers but also on the course of the 
fibers in an optic nerve head. 

In small discs the fiber course has to be more or less 
perpendicular to the papillary plane. Large discs with 
shallow cups may have large rim areas if they have a large 


proportion of fibers with very oblique courses. In discs 
with deep cups, on the other hand, the rim area may be 
smaller if the nerve fiber course is more perpendicular at 
the level of the scleral lip (Fig 2). Thus, both the rim area 
and its SD could be expected to become larger in large 
discs, as found by Britton et al.' Even the mutually opposed 
influences on the rim area of the disc area and the disc 
volume reported by Siebert et al* seem quite natural. 

A change in direction that increases the length f/cos a of 
the frontal section of a fiber will at the same time shorten 
the perpendicular distance f/sin a to be covered by any 
observational light passing the fiber (Fig 1). This may well 
affect the apparent pallor of the disc and could explain the 
observation by Bynke and Holmdahl’ that huge but other- 
wise normal discs with vast rim areas may give an 
impression of optic atrophy. 

Bo BENGTSSON, MD 
C. E. TORSTEN KRAKAU, MD 
Malmö, Sweden 
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Case Reports 





Rhodococcus equi Endophthalmitis 


To the Editor.—Rhodococcus (Coryne- 
bacterium) equi is a gram-positive, 
aerobic bacillus that is a common 
pathogen in animals. Until a few 
years ago, to our knowledge, no cases 
of human infection had been reported. 
Recently, human infestation has been 
seen in immunocompromised pa- 
tients, presenting primarily with pul- 
monary manifestations. We wish to 
report the first case of ocular involve- 
ment in a patient who developed a 
fulminant endophthalmitis after pen- 
etrating injury with an intraocular 
foreign body. 


Report of a Case.—A healthy 29-year-old 
man was striking a valve on his car with a 
metal hammer when he felt something 
strike his left eye. He presented to his local 
emergency room where ophthalmologic 
examination revealed a visual acuity of 
20/20 OD and 20/100 OS. The remainder of 
the examination of the right eye yielded 
normal results. The left eye had a 1-mm 
full-thickness corneal laceration at the 3- 
o’clock position near the limbus. Further 
examination revealed a deep anterior 
chamber, iris transillumination defect, 
clear lens, minimal vitreous hemorrhage, 
and a small metallic foreign body embed- 
ded in the inferotemporal equatorial reti- 
na, which was attached. After being admit- 
ted to the hospital he received prophylactic 
intravenous gentamicin sulfate and cefa- 
zolin sodium as well as topical homatro- 
pine hydrobromide and gentamicin, and a 
bandage contact lens. 

On the second hospital day, the patient 
developed severe pain and decreased vision 
in his left eye. Evaluation revealed 
increased anterior segment inflammation 
with hypopyon and loss of the red reflex. 
The patient was transferred to the Illinois 
Eye and Ear Infirmary, Chicago, where 
examination revealed a visual acuity of 
hand motions at 2 ft with direction, con- 
junctival hyperemia (3+), a 1.3-mm full- 
thickness corneal laceration (Seidel-posi- 
tive) at the 3-o’clock position near the 
limbus, and anterior chamber cellular 
reaction (4+) with a 0.5-mm layering hypo- 
pyon. Iris and lens detail were lost, and the 
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red reflex was zero to trace with no view of 
the fundus. Systemic evaluation findings 
were otherwise normal. 

Anterior chamber paracentesis and vit- 
reous tap were performed immediately 
with intravitreal injection of 0.1 mL of 
solution containing 200 ug of gentamicin 
sulfate, 450 ug of clindamycin phosphate, 
and 360 ug of dexamethasone sodium phos- 
phate. Gram’s stain of the vitreous aspi- 
rate revealed what appeared to be gram- 
negative rods. Therapy with intravenous 
cefazolin sodium, gentamicin sulfate, and 
clindamycin phosphate was started, as was 
therapy with topical gentamicin and cefa- 
zolin. Eight hours after admission, a trans 
pars plana lensectomy and complete 
vitrectomy with foreign-body removal 
were performed with transvitreal cryo- 
pexy, 360° scleral buckle, and air-fluid 
exchange. The infusion fluid contained 8 
mg/L of gentamicin sulfate, 9 mg/L of 
clindamycin phosphate, and 16 mg/L of 
dexamethasone sodium phosphate. Green- 
ish white pustular material was removed 
at the time of vitrectomy and sent for 
culture. 

Postoperatively the patient was treated 
with intravenous cefazolin and gentamicin 
for five days as well as topical gentamicin 
sulfate (13.6 mg/L) and cefazolin sodium 
(100 mg/L). The initial vitreous aspirate 
grew what appeared to be a gram-negative 
rod after 48 hours, but identification was 
uncertain. Five days postoperatively the 
organism was tentatively identified as 
Achromobacter, which was sensitive to 
gentamicin, amikacin sulfate, and neomy- 
cin sulfate. Seven days postoperatively the 
organism was positively identified as R 
equi. The postoperative course was uncom- 
plicated with best corrected visual acuity 
improving to 20/70 after six weeks. 


Comment.— Rhodococcus equi, for- 
merly known as Corynebacterium 
equi, is an aerobic, gram-positive 
bacillus, classified as a diphtheroid 
that is not usually considered patho- 
genic.'* The organism infects animals, 
including horses, cows, and swine. 
Until recently there have been no 
reported cases of infection in humans. 
Within the last few years, pulmonary 
infection, meningitis, skin lesions, and 
arthritis have all been reported in the 


literature predominantly in immuno- 
suppressed patients.'? MacGregor et 
al? reviewed 14 cases of R equi infec- 
tions in humans. Thirteen of these 
had abnormal chest roentgenograms 
and 12 had pulmonary opacities local- 
ized in one lobe. With the exception of 
one case, all patients had been immu- 
nocompromised hosts being treated 
for lymphoma, renal transplant rejec- 
tion, or acquired immunodeficiency 
syndrome. MacGregor et al noted that 
although R equi is sensitive to many 
antibiotics, it is difficult to eradicate 
even with resection or drainage of the 
abscess and requires prolonged anti- 
biotic treatment. 

Rhodococcus equi has been reported 
to be sensitive to vancomycin, doxycy- 
cline, erythromycin, lincomycin, and 
aminoglycosides and resistant to pen- 
icillin, with intermediate sensitivities 
to tetracycline, ampicillin, and car- 
benicillin and intermediate resistance 
to cefazolin.: Our isolate was found to 
be sensitive to gentamicin, tetracy- 
cline, and neomycin. Our patient 
received intravitreal antibiotics and 
corticosteroids and underwent vitrec- 
tomy with metallic foreign-body 
removal and responded well to treat- 
ment. Aggressive medical and/or sur- 
gical therapy may be essential in pro- 
ducing a satisfactory visual outcome 
following this severe infection. 

Davip HILLMAN, MD 
BRUCE GARRETSON, MD 
RICHARD FISCELLA, RPH 
Chicago 
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Panophthalmitis After Penetrating 
Keratoplasty 


To the Editor.—Panophthalmitis is a 
devastating condition usually associ- 
ated with penetrating ocular injuries 
and hematogenous spread during bac- 
teremia, typically in the setting of 
intravenous drug abuse. Clostridium 
perfringens and Bacillus cereus 
account for the majority of these 
cases. We report an unusual case of 
panophthalmitis following penetrat- 
ing keratoplasty caused by a 6-hemo- 
lytic streptococcus. 


Report of a Case.—A 66-year-old man 
presented with pseudophakic bullous kera- 
topathy of the left eye. Preoperative prep- 
aration for penetrating keratoplasty 
included tobramycin eye drops, povidone- 
iodine solution (Betadine) placed on the 
cornea in the operating room, and local 
preparation with 10% _ povidone-iodine 
solution applied to the lids and periocular 
region. After a 45-minute procedure with- 
out manipulation of the vitreous or intra- 
ocular lens, subconjunctival injections of 
tobramycin (40 mg) and dexamethasone 
phosphate (2 mg) were given, and poly- 
myxin B sulfate-bacitracin zine (Polyspo- 
rin) and prednisolone phosphate ointments 
were instilled. The donor cornea was 
obtained from a 24-year-old man who had 
died in a motor vehicle accident. The eye 
was enucleated six hours after death, 
placed in K-Sol solution (a medium con- 
taining chondroitin sulfate) immediately 
after enucleation, and used 24 hours later. 
(The second eye of this donor was handled 
in an identical manner and used by the 
same surgeon without complications). 

Approximately 36 hours postoperatively, 
the eye was painful, and visual acuity was 
light perception. Periorbital chemosis and 
a hemorrhagic discharge were noted. A 
white infiltrate extended from the host 
cornea to the perilimbal sclera superiorly 


Fig 1.—Infiltrate 36 hours after penetrating keratoplasty at superotem- 
poral graft-host junction, with extension onto sclera and hemorrhagic 
discharge. 
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(Fig 1). The patient was brought to the 
operating room, where the host corneo- 
scleral rim was found to be necrotic for 
360°. Intraoperative ultrasonography doc- 
umented large choroidal effusions. Amika- 
cin sulfate (400 ug), vancomycin hydrochlo- 
ride (1 mg), and clindamycin phosphate 
(300 ug) were delivered intracamerally 
through the graft-host junction. Postoper- 
atively, intravenous tobramycin (80 mg) 
and cefazolin sodium (2 g) were delivered 
every eight hours. 

By the following day visual acuity was 
no light perception, and extrusion of uveal 
tissue onto the anterior surface of the 
globe was noted. The intraocular lens was 
present in the superior fornix; the donor 
cornea and corneoscleral rim (sutures in- 
tact, now opaque) were lying in the inferior 
fornix (Fig 2). The eye was enucleated. 

Gram-positive cocci in pairs were seen 
on Gram’s stains of a conjunctival swab, 
scleral shavings, and an intraocular aspi- 
rate. 6-Hemolytic streptococcus group C 
was grown in abundant colonies from all 
three sites and from the donor corneal rim. 
All isolates possessed identical antibiotic 
sensitivities on Kirby-Bauer disc testing. 
Pathologic studies revealed massive supra- 
choroidal hemorrhage and gram-positive 
cocci in uveal, corneal, retinal, and scleral 
tissue. 


Comment.—To our knowledge, pan- 
ophthalmitis following contamination 
by a donor rim with £$-hemolytic 
streptococcus has not been described. 
However, endophthalmitis in this set- 
ting is well known. Streptococcal spe- 
cies play a major role in reports of 
endophthalmitis following penetrat- 
ing keratoplasty.'? Matoba and col- 
leagues? reported two cases of strepto- 
coccal infection by donor-to-host 
transmission by corneas stored in 
McCarey-Kaufman medium, and they 
emphasized the potential for the 
growth of streptococci in media con- 


taining gentamicin as the sole antibi- 
otic. Baer and associates’ reported 
three cases of Streptococcus viridans 
endophthalmitis following penetrat- 
ing keratoplasty and demonstrated 
the inadequacy of gentamicin alone as 
prophylaxis against S viridans con- 
tamination. 

In view of the prominence of strep- 
tococcal species both in the contami- 
nation of donor rims and in reported 
cases of postkeratoplasty infection, 
we agree with the suggestion?’ of add- 
ing broader antibacterial coverage to 
corneal tissue solutions. The increased 
storage time possible with K-Sol 
medium may make the elimination of 
microorganisms resistant to gentami- 
cin more important. The effectiveness 
of cephalosporins and vancomycin in 
prolonged K-Sol storage warrants 
investigation. Perhaps antibiotic pro- 
phylaxis after keratoplasty should be 
directed specifically against gentami- 
cin-resistant organisms. latrogenic 
infections are devastating for both the 
patient and physician. Infections 
occurring early after penetrating ker- 
atoplasty should raise the suspicion of 
aminoglycoside-resistant organisms, 
particularly streptococcal species. 

OLIVER D. SCHEIN, MD 
JOAN W. MILLER, MD 
MICHAEL D. WAGONER, MD 
Boston 


1. Leveille AS, Memullan FD, Cavanagh HD: 
Endophthalmitis following penetrating kerato- 
plasty. Ophthalmology 1983;90:38-39. 

2. Matoba A, Moore MB, Merten JL, et al: 
Donor-to-host transmission of streptococcal 
infection by corneas stored in McCarey-Kaufman 
medium. Cornea 1984;3:105-108. 

3. Baer JC, Nirakari VS, Glaros DS: Strepto- 
coccal endophthalmitis from contaminated donor 
corneas after keratoplasty. Arch Ophthalmol 
1988;106:517-520. 


Fig 2.—Expulsive hemorrhage with dehisced corneal graft (sutures still 
intact) 72 hours after penetrating keratoplasty. Uveal tissue is present 
on external surface of globe, and completely infiltrated graft has been 
displaced to temporal fornix. Intraocular lens (not visible) was found in 
inferior fornix. 
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Visual Disturbance Resulting From 
Intranasal Steroid Injection 


To the Editor.—Intranasal steroid 
injection causing embolic infusion of B 
the retinal vasculature is an extreme- 


ly rare yet often devastating occur- Scotopic Blue | 
rence. We present a case of intranasal 

steroid injection that caused vision 

loss. 


Report of a Case.—While under general B 
anesthesia, a 47-year-old woman under- 
went a nasal septum repair and injection 
of the right inferior turbinate with 0.5 mL Scotopic Red | 


of methylprednisolone for chronic allergic 
rhinitis. On awakening from anesthesia, 
the patient complained that she could not 


perceive light in the right eye. 
Ophthalmologic consultation was ob- 
tained at the local hospital, and ocular 
massage was implemented. Six hours after B 
injection the patient was seen at the Oph- tala atlas 
thalmology Clinic of the University of 
Utah Health Sciences Center, Salt Lake 
City. Her visual acuity was hand motions 
in the right eye and 20/20 OS. The intrao- A 
cular pressure was 17 mm Hg bilaterally. 
The anterior segment of the right eye was 30-Hz Flicker 


normal, and funduscopic examination dis- 
closed a cherry-red spot and retinal whit- har kg T ST eS 
ening (Fig 1, left). Multiple small, white 


particles were visible within the retinal 
and choroidal vasculature to the periphery. 


B 
The optic nerve was normal, and the fun- b 
dus of the left eye was also normal. Betax- Photopic White k; 
olol hydrochloride (0.5%, one drop in the 
right eye every 12 hours) was administered 
to lower intraocular pressure and improve 
perfusion; no other treatment was under- F 


taken since more than six hours had 

elapsed since onset. We felt further treat- 

ment was not indicated because blood flow 

had been reestablished by the time of the 

patient’s arrival at the clinic. The patients Fig 2.—Electroretinogram of patient 24 hours after intranasal steroid injection showing abnormal 
eyes were already dilated when first seen scotopic red and blue B-wave amplitude. Analysis time was 200 ms for red and blue and 100 ms 
by us. She was reexamined for pupillary for other conditions. Vertical calibration bars indicate 100 uV. 


Fig 1.—Left, Fundus photograph of right eye of patient six hours after intranasal steroid injection. Note cherry-red spot, 
retinal whitening, and intravascular white particles. Right, Fundus photograph of same eye 18 hours later. Note less 
particulate matter and clearing of retinal edema with persistent cherry-red spot. _ 


Fika 
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response on subsequent days, but there 
was no apparent pupillary defect. 

The following day, visual acuity was 
20/100 eccentrically OD and remained 
20/20 OS. Funduscopic examination of the 
right eye (Fig 1, right) showed improve- 
ment, with fewer white particles, and 
decreased retinal whitening, although the 
cherry-red spot was still visible. An elec- 
troretinogram was performed by a previ- 
ously published method,' and was abnor- 
mal using scotopic red and blue stimula- 
tion (Fig 2). The B-wave amplitude was 
reduced by 50% with an expected intraocu- 
lar symmetry of 90%. Nine days after 
injection, a funduscopic examination 
revealed that the fundus had returned to 
normal with total clearing of the particles 
and whitening. Ten weeks after injection, 
repeated electroretingrams were symmet- 
ric and completely normal, as were results 
of a funduscopic examination. Visual acu- 
ity improved over six weeks to 20/40 in the 
affected eye. 


Comment.—The incidence of intra- 
nasal steroid injection resulting in 
ocular complications is rare, although 
not unreported. We found reports of 
18 cases of visual complications in the 
literature, including 11 cases of per- 
manent visual loss from intranasal 
steroid injections in the nose and at 
other sites in the head and neck. All 18 
cases had immediate visual loss, and 
the funduscopic examinations dis- 


closed a cherry-red spot with multiple 
white particles throughout the retinal 
vasculature. A common element in 
these cases was the funduscopic find- 
ings of retinal whitening with a cher- 
ry-red spot and multiple white emboli 
in both the retinal and choroidal cir- 
culation immediately after injection 
that usually cleared over a few days. 
Early visual acuity is often at the 
level of hand motions to counting fin- 
gers, but acuities ranging from no 
light perception to normal were 
reported in the immediate postinjec- 
tion period. Long-term follow-up 
acuities in affected eyes ranged from 
20/20 to no light perception with 
neovascular glaucoma. 

The cause of the visual aberrations 
has been postulated to be retrograde 
flow of the particulate material into 
the anterior and/or posterior ethmoi- 
dal arteries to the ophthalmic artery, 
and then into the central retinal 
artery and short posterior ciliary 
arteries in the case of intranasal ste- 
roid injections.’ 

Singh and Dass’ indicated that, 
based on observations made during 
the dissection of 170 human cadavers, 
the ophthalmic artery did not arise 
from the internal carotid artery in six 
cases, and that the main contribution 


Currently in Other AMA Journals 


AMERICAN JOURNAL OF DISEASES OF CHILDREN 
Nonsteroidal Anti-inflammatory Drug Therapy in Chronic Childhood I[ridocyclitis 
Nancy Y. Olson, MD; Carol B. Lindsley, MD; William A. Godfrey, MD (AJDC 


1988;142:1289-1292) 


Peroxisomal Disorders 
Inderjit Singh, PhD; Graeme H. Johnson, MB, ChB; Frank R. Brown III, PhD, MD 
(AJDC 1988;142:1297-1301) 


of blood to the ophthalmic artery 
came from the middle meningeal 
artery, and not the internal carotid 
artery, in four of the other 164 cases. 
The infrequency of embolic central 
retinal artery occlusion from steroid 
injection in humans may be due to 
anomalous relationships between the 
ophthalmic artery and internal carot- 
id artery that predisposed these 
patients to retrograde embolic phe- 
nomenon. 
PAUL E. GARLAND, MD 
ALAN S. CRANDALL, MD 
DONNELL J. CREEL, PHD 
MAUREEN K. LUNDERGAN, MD 
RANDALL J. OLSON, MD 
GEORGE L. WHITE, JR, PHD 
Salt Lake City 


This report was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York, and by the Medical Research 
Service of the Veteran’s Administration. 
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tion of minimal expression of myotonic dystro- 
phy using electroretinography. Electroencepha- 
log Clin Neurophysiol 1985;61:229-235. 
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1960;44:193-212. 


Iron, Plasma Antioxidants, and the ‘Oxygen Radical Disease of Prematurity’ 
Jerome L. Sullivan, MD, PhD (AJDC 1988;142:1341-1344) 


Arch Ophthalmol— Vol 107, Jan 1989 





Case Reports 23 


RECOMMEND THE ONLY EYE DROPS 
THAT MORE CLOSELY MATCH 
NATURAL TEARS. 


Murine® has a new advanced formula that contains 
six of the major components found in natural tears, 
with two moisturizers (polyvinyl alcohol and 
povidone) to provide relief and protection from 

the discomfort associated with dry eyes. 
















Murine® Plus has the same advanced 
“natural tears formula” with an added 
special ingredient (tetrahydrozoline) 
only for those patients who demand 
immediate redness removal. 


Both Murine, Murine Plus are 
sold at a fraction of the cost 
of artificial tear products, 

the fastest-growing segment 
of the eye drops category. 


Lubricating Eye Redness Reliever 


for faster = _. 
redness = 
removal 


Natural Tears Formula 
(See Side Panel) A 
e more closely matche 
natural tears . 
immediately, 
z WOTE, cools, comiort 


Murine. 


The most trusted name 
in eye care for over 90 years 


|__| NATURAL TEAR COMPONENTS FOUND IN LEADING EYE DROPS* e 
= BEE S 
PONENT MURINE” PLUS VISINE® DROPS™ TEARS NATURALE® ll | TEARS PLUS® TEARS TEARGARD™ 


TASSIUM 








BICARBONATE 


* Does not include water, which is present in natural tears and all eye drop products 


ROSS LABORATORIES 
COLUMBUS, OHIO 43216 
ROSS G Division of Abbott Laboratories, usa 





E> 


f) 


ae 
— 
a S 


( 


Computers in Clinical Medicine Raise Questions of Liability 


In time computers may be as basic to medicine as the stetho- 
scope. Medical systems can store data and retrieve it selectively; 
soon they will be ‘smart’ enough to advise on diagnosis and 
treatment.’ 


SAN FRANCISCO—The time is here for computers to 
assist physicians in clinical and diagnostic decision mak- 
ing. That is the message presented by Edward H. Short- 
liffe, MD, PhD, at the Seventh Annual AMA Science 
Reporters Conference on Oct 6, 1988. The ability of comput- 
ers to store, retrieve, and transmit medical information is 
well established.' There are now computer programs, such 
as DXplain and Roundsman, that can produce patient- 
specific analyses based on existing medical knowledge. 
These programs have enough stored information to 
assume an active role in suggesting how a protocol should 
be adapted to the needs of a specific patient.’ 

But with these strides in futuristic medicine come 
unanswered questions and unsolved problems. For exam- 
ple, in what situations is it appropriate to use a medical 
computer program’? Who should use these programs, and 
how should they be used? What is the potential legal 
liability to a physician who or an institution that uses a 
computer program in forming the differential diagnosis? 
How can physicians, regulatory agencies, and patients 
determine whether a program is reliable for use in treating 
humans? Will programs be able to communicate with 
users well enough to prevent clinically harmful misunder- 
standings?? What happens when there is a new medical 
discovery and the information needs to be updated or 
changed? Who will validate the information stored in the 
program? 

There are no definitive answers to these questions yet, 
but researchers and government agencies are working 
hurriedly to develop some guidelines. One area of particu- 
lar focus is on “advice systems,” those programs that help 
a physician diagnose a patient’s condition or that propose, 
monitor, and help manage a treatment course. 

One guideline for use of computers is that a program 
“should be used in medical practice only if it improves the 
quality of care at an acceptable cost in time or money or if 
it maintains the existing standard of care at a reduced cost 
in time or money.” Another is that “access to some 
programs might be limited to licensed professionals of 
specific categories.” 

Legal liability of physicians and institutions using com- 
puter-aided diagnostics is another major concern. Ran- 
dolph A. Miller, MD, and colleagues at the University of 
Pittsburgh state that “Those who provide any kind of good 
or service to another are subject to legal liability for harm 
that occurs to persons or property from the use of that 
good or service.’” In the context of other types of medical 
equipment, this liability may be imposed, under appropri- 
ate circumstances, on manufacturers, retail or wholesale 
distributors, hospitals, physicians, and other health care 
professionals or personnel. 

Under current tort law, liability may fall into one of two 
categories—negligence or strict liability. Negligence refers 
to an injury as a result another’s negligence. Strict liability 
refers to an injury caused by a product that is unreason- 
ably dangerous as a result of either defective design or 
manufacture. 
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The Pittsburgh researchers state that “No doubt, the 
negligence theory of liability is applicable to patients 
injured by the use of medical computer pro- 
grams. ... When a physician consults a colleague regard- 
ing the care of a patient, it is the responsibility of the 
primary physician to accept or reject the advice of the 
consultant according to the patient’s best interest. If the 


primary physician accepts and acts on the advice that is © 


below the usual standard of care, then the primary con- 
sulting physician may be held liable. 

“Although there have been no reported cases involving 
injuries caused by computer software, the principles of 
negligence law are so well established that we can be 
certain that negligence principles will apply to injuries 
caused by medical software.” 


The Food and Drug Administration (FDA), which is | 
responsible for assuring safety and effectiveness when 


computers assist complicated diagnostic and treatment 
devices, is also formulating its position on computer 
medicine. Frank E. Young, MD, PhD, Commissioner of the 
FDA, defined the FDA’s policy. “Obviously the FDA has 
no responsibility for regulating the classical textbook 
function of libraries as they move from the printed to the 
‘electronic page, ” he wrote in the Annals of Internal 
Medicine.’ 

“We believe regulatory action is called for only when 
computer products move from the research field into direct 
patient care. When artifical intelligence is intended to 
substitute for the judgment of the professional, and the 
computer directs action on a specific diagnosis, we believe 
that software quality control becomes an important con- 
sideration in reducing patient risk.” 

Another problem is that medical knowledge is not static. 
“A trial validating a program at one specific time does not 
guarantee that the program’s recommendations will be 
forever valid,” the Pittsburgh group writes. 

“When one should add new information to an existing 
system and how to distribute updates in a way that all 
users’ programs would be kept current are difficult and 
unresolved questions. The problem of keeping a program’s 
medical database current is made more complex and 
difficult when individual users are permitted to modify 
their private copies of a program’s knowledge base.” 

Like all technological advancements, the emergence of 
expert systems in computer medicine is creating new ques- 
tions and problems that will require new and innovative 
responses. Areas of appropriate use, liability—and espe- 
cially patient safety—must be resolved before computers 
assume a central role in the physician’s armamentarium. 

JULIE FOREMAN 
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Book Reviews 


Stereoscopic Atlas of Macular Dis- 
eases: Diagnosis and Treatment, ed 
3, vols 1 and 2, by Don Gass, 801 pp 
with illus, St Louis, CV Mosby Co, 1987. 
$245. 


In a preface to the 1970 edition of 
this work, Dr Gass stated that “the 
purpose of this atlas is to utilize 
black-and-white fundus photographs, 
stereo color fundus photographs, fluo- 
rescein angiographs, and photomicro- 
graphs to illustrate some of the ana- 
tomic and physiologic alterations pro- 
duced by a variety of intraocular dis- 
ease processes affecting the macular 
region.” The first edition was emi- 
nently successful and became one of 
the standard works on the ophthal- 
mologist’s bookshelf. After six years a 
second edition followed, which up- 
dated and expanded the first one. Now 
a third edition is available. At the 
start of this new edition, Dr Gass 
restates his goal and has fulfilled it 
more completely than before. Several 
changes are immediately evident from 
the earlier editions. This is a larger 
work encompassing two volumes. The 
text itself is generously endowed with 
black-and-white angiograms and, not 
suprisingly, the cost of the book has 
increased substantially. Readers fa- 
miliar with the first and second edi- 
tions will recognize that the illustra- 
tions have been updated and up- 
graded. Dr Gass states that many of 
the previously used black-and-white 
illustrations and approximately half 
of the stereoscopic transparencies 
have been replaced. 

A short, well-written, and helpful 
chapter on the principles of inter- 
preting fluorescein angiograms has 
been added. The text is meticulously 
referenced, and references cited at the 
end of each chapter replace the previ- 
ous “Suggested Reading” section. 

The book is divided into 14 chapters 
and follows a logical sequence, with 
most chapters drawing on the materi- 
al previously presented. The book 
begins with a review of the anatomy 
and physiology of the choroid and 
retina and their relationship to nor- 
mal fluorescein angiographic find- 
ings. The ensuing chapters present a 
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comprehensive discussion of macular 
and related retinal-choroidal and reti- 
nal pigment epithelial diseases. The 
book concludes with a section on pho- 
tocoagulation treatment of macular 
diseases. 

Dr Gass has a fine literary style: 
clear, concise, and down to earth. 
Indeed, this book is a personal work in 


“... will someday be considered 
as one of the classic ophthalmolo- 
gy works of our time.” 


the sense that most of the fundus 
photographs represent patients who 
were examined by the author, and the 
materials used are stated to be almost 
exclusively from photographic files of 
the Bascom Palmer Eye Institute in 
Miami. At the same time the scope of 
this book approaches that of a refer- 
ence work. It is a noteworthy achieve- 
ment to be able to draw sufficient 
material from one’s own first-hand 
experience to cover this broad field. 

The book is profusely illustrated 
(2410 figures and photographs) and 
the line drawings, clinical photo- 
graphs, angiograms, and photomicro- 
graphs complement each other in a 
superb manner. How many readers 
will take advantage of the stereo reels 
contained at the end of each volume is 
uncertain, but those who do will be 
rewarded with an additional wealth of 
clinical material keyed to label draw- 
ings and figures. 

The lists of references are an added 
strength of the book. They are com- 
prehensive and judiciously chosen and 
represent a variety of viewpoints. 

In view of the merits of this book, 
the criticisms are minor. The most 
serious fault is lack of contrast found 
in some of the angiograms and photo- 
micrographs. There also are excessive 
amounts of blank space on both the 
text pages and atlas pages, and the 
use of larger figures or an improved 
layout should be considered in subse- 
quent editions. 

Overall, this is the best edition of 
what has become a standard work in 
ophthalmology, one that I believe will 
someday be considered as one of the 


classic ophthalmology works of our 
time. 
DANIEL M. ALBERT, MD 
Boston 


Ophthalmology Annual 1988, 
edited by Robert Reinecke, 256 pp, New 
York, Raven Press, 1988, $73. 


Ophthalmology Annual 1988 con- 
tains 12 well-written and illustrated 
articles whose subject matter covers a 
broad field of interests. 

The chapter on glaucoma consists of 
reviews of the management of angle 
closure and the infantile glaucomas. 
Patient treatment and surgical tech- 
nique are well covered in these pre- 
sentations. 

John Crawford offers important 
information from his experience with 
lacrimal system problems in children. 
These articles include very helpful 
guidelines on intubation technique. 

The editor’s long-standing interest 
in childhood eye problems is reflected 
by a preponderance of articles that 
are of special interest to pediatric 


makes a 


>»? 


“< ..any chapter 
pleasant evening’s reading. 


ophthalmologists. These include two 
articles on contact lens fitting in 
aphakic infants, an excellent review of 
nystagmus, a review of vision testing 
in infants and young children, and an 
informative review by Burton Kush- 
ner of patching for functional ambly- 
opia. 

Other articles include a review of 
the pupil in neuro-ophthalmologic 
diagnosis, a review of the ocular is- 
chemic syndrome, a review of phaco- 
emulsification technique, and a very 
helpful review of the many types of 
intraocular lenses. 

The editor suggests that “any chap- 
ter makes a pleasant evening’s read- 
ing.” I would agree and would add 
that this book is very much a “how to 
do it right” contribution. Dr Reinecke 
rightly notes that there are many 
“pearls here for the taking.” 

Davip S. WALTON, MD 
Boston 
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News and Comment 


Alfred Sommer Receives Charles A. 
Dana Award.—Dr Alfred Sommer of The 
Johns Hopkins University was the 
1988 recipient of a Charles A. Dana 
Award for Achievement in Health 
and Higher Education based on his 
successful strategy for combating 
vitamin A deficiency that leads to 
blindness and mortality among chil- 
dren in developing countries. 


New Chairman of Department of Oph- 
thalmology at Stanford.—Michael F. 
Marmor, MD, was recently named 
Chairman of the Department of Oph- 
thalmology at Stanford (Calif) Uni- 
versity School of Medicine. Dr Mar- 


Alfred Sommer 





mor has been acting chairman of its 
Department of Ophthalmology for 
one year. 


Conjunctival Impression Cytology for 
Assessment of Vitamin A Status (CIC-A): 
Training Manual Offered.—The Inter- 
national Center for Epidemiologic and 
Preventive Ophthalmology (ICEPO) 
is now offering a free training manual 
for CIC-A. This method of assessing 
vitamin A status consists of applying 
narrow strips of mixed esters-cellu- 
lose filter paper to the bulbar con- 
junctiva. Specimens are then fixed 
and stained. Interpretation is based 
on histologic changes of the epitheli- 


Michael F. Marmor, MD 


CORRECTION 


um associated with vitamin A defi- 
ciency. The training manual provides 
step-by-step instructions of the CIC-A 
technique with numerous photo- 
graphs and illustrations. For a free 
copy, while supplies last, please send 
your name and address to: Vitamin A 
Coordinator, Impression Cytology 
Manual, ICEPO, Wilmer Room 120, 
The Johns Hopkins Hospital, 600 N 
Wolfe St, Baltimore, MD 21205. 


Ophthalmologist Honored.— Norman 
E. Byer, MD, has been awarded the 
Wacker Prize for clinical research in 
the natural history of peripheral reti- 
nal degenerations. The prize is funded 
by the Hermann Wacker Foundation 
of Munich, West Germany, and is 
awarded every two years by the Jules 
Gonin Club, an international society 
of retinal surgeons with headquarters 
in Lausanne, Switzerland. The award 
was presented in September in 
Bruges, Belgium, at the biennial meet- 
ing of this society. 


Wills Eye Hospital Opens New Center 
for Sports Vision: Wills Eye Hospital, 
Philadelphia, announces the opening 
of the Center for Sports Vision, which 
will provide service for the eye safety, 
care, and treatment of the profession- 
al, amateur, and weekend athlete. 
This center is the first in its region 
created exclusively for the ocular 
needs of athletes. The new center will 
draw on the expertise from such hos- 
pital subspecialties as the retina, ocu- 
loplastic surgery, cornea, neuro-oph- 
thalmology, and pediatric ophthal- 
mology. 


Omitted Figure Legend.—In the article entitled “Glial Epiretinal Membranes and 
Contraction: Immunohistochemical and Morphological Studies,” published in the Sep- 


tember 1988 ARCHIVES (1988;106:1280-1285), the legend for Fig 3 was omitted. The legend 
should have read as follows: “Fig 3.—Four months after injection, there is thick 
epiretinal membrane with folding of retina. Tissue bridges (arrows) connect membrane 
and retina at top of fold (periodic acid-Schiff, x390).” 
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Obituaries 


Tullos O. Coston, MD 


Dr Tullos O. Coston died on Oct 21, 
1988, at 83 years of age. Until the day 
of his death he had remained active in 
the practice and teaching of his 
beloved field of ophthalmology, serv- 
ing as Professor and Chairman Emer- 
itus of the Department of Ophthal- 
mology and Senior Consultant of the 
Dean A. McGee Eye Institute. 

Dr Coston graduated from the Uni- 
versity of Texas in 1926 and The Johns 
Hopkins University School of Medi- 
cine in 1930, and completed his resi- 
dency at The Wilmer Institute in 
1935. 

He began private practice in Okla- 
homa City in 1936 and continued to 
practice for more than 52 years. He 
served as Chairman of the Depart- 
ment of Ophthalmology from 1962 to 
1972, at which time he became one of 
the major founders of the Dean A. 
McGee Eye Institute, affiliated with 
the University of Oklahoma College of 
Medicine. 

He received the Academy’s Certifi- 
cate of Award in 1964, the Statesman- 
ship Award of the Commission of 
Allied Health Personnel in Ophthal- 
mology in 1974, and Distinguished 
Service Award of St Anthony Hospi- 
tal in 1982. He was inducted into the 
Oklahoma Hall of Fame on Nov 16, 
1984. In 1988 he was selected for the 
Outstanding Physician in Oklahoma 
Award. This will be presented posthu- 
mously by the Alumni Association of 





Tullos O. Coston 


the University of Oklahoma College of 
Medicine on Jan 19, 1989. 

Dr Coston was a teacher of life as 
well as medicine and will be greatly 
missed by his many patients, col- 
leagues, and former students, all of 
whom were also his friends. 

THOMAS ACERS, MD 


BATKO, Bernard Beryl, 80, Chicago; 
Chicago Medical School, 1936; died 
July 16, 1988. 


CORRECTION 


BLACK, Chester J., 69, Willowbrook, 
Ill; Northwestern University Medical 
School, 1945; residency, Rush-Presby- 
terian St Luke’s Center, Chicago, 1946; 
certified by the American Board of 
Ophthalmology; died Oct 11, 1988. 


GAINES, Thomas Rucker, 93, Ander- 
son, SC; Emory University School of 
Medicine, Atlanta, 1916; certified by 
the American Board of Ophthalmolo- 
gy; died July 19, 1988. 


GERVAIS, Russell Francis, 66, North- 
ampton, Mass; University of Vermont 
College of Medicine, 1946; died Aug 18, 
1988. 


PRYOR, Boyce Bowen, 56, Cookeville, 
Tenn; University of Tennessee College 
of Medicine, 1958; certified by the 
American Board of Ophthalmology; 
died July 29, 1988. 


TEBBET, Royce Dwain, 69, Casper, 
Wyoming; Northwestern University 
Medical School, 1945; residency, Wes- 
ley Pavilion, Chicago, 1948; certified 
by the American Board of Ophthal- 
mology; died July 30, 1988. 


VALLOTTON, William W., 6l, 
Charleston, SC; Medical College of 
Georgia School of Medicine, 1952; cer- 
tified by the American Board of Oph- 
thalmology; died Sept 4, 1988. 


WINN, Thomas Meredith, 91, Coving- 
ton, Va; Virginia Commonwealth Uni- 
versity Medical College of Virginia 
School of Medicine, 1922; certified by 
the American Board of Ophthalmolo- 
gy; died Aug 27, 1988. 


Missing Reprint Address.—In the article titled “Centenary Celebration of Fick’s Hine 
Contactbrille,” published in the October 1988 ARCHIVES (1988;106:1370-1372), the following 


footnote should have appeared: “Reprint requests to Corneal Biophysics Laboratory, 
Department of Optometry, University of Melbourne, Parkville, Victoria 3052, Australia 
(Dr Efron).” 
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sub-specialty from a fully accredited institution. 


Indiana University is an Equal Opportunity and Affirma- 
tive Action employer. Send C.V., and list of references 
to: 


Robert Yee, M.D. 

c/o Sandra Eads 
Indiana University 
Department of Ophthalmology 
702 Rotary Circle 
Indianapolis, Indiana 46223 














Keeping up-to-date is difficult. 
} But there is help... 


Ocular Resources 
ComputerScan is a monthly 
listing of articles from over 100 
eye journals from all over the 


puter, and instantly you'll have 
the entire field of ophthalmology 
at your fingertips. And by utilizing 
“key” words or roots of words, 
you can quickly search for 

= the precise subject(s) you're 
looking for. 


world. Slip the disk into your com- 
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NEURO-OPHTHALMOLOGY FELLOWSHIP 


BASCOM PALMER EYE INSTITUTE 
UNIVERSITY OF MIAMI 


A twelve-month post-graduate 
fellowship in clinical 
Neuro-ophthalmology 


is available beginning 
July 1989 through June 1990 
for Ophthalmologist or 
Neurologist interested 
in academic career 


Contact: Joel S. Glaser, M.D. 


900 N.W. 17th Street 
Miami, FL 33136 





OPHTHALMIC MANAGEMENT. 


A year's subscription to 


ComputerScan costs only | 


$100. To start your subscrip- 
tion, fill out the coupon in 
this ad and send today. For 
more information, call us at 
(800) 9-O-C-U-L-A-R; 


in Illinois 
(312) 823-1204. 
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[C] Yes!Send me ComputerScan for 12 months. 
Enclosed is my check for $100. 
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Circle disk format needed: PC Macintosh 


Send to: Ocular Resources, P.O. Box 407, 
Des Plaines, IL 60016-0407 
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Foscarnet 
AZT 


Cytomegalovirus 


Trial 


FACT: You received a letter from the 
National Eye lnstitute alerting 
you to this new clinical trial. 


FACT: Successful evaluation of Foscarnet 
depends on referral of patients 
by ophthalmologists. 


FACT: if you have a patient who may benefit 
from this trial, you should call 
301-496-3123, Dr. Alan Palestine 
or Dr. Robert Nussenblatt; 
301-496-1243, Dr. Judith Rubin. 


OPHTHALMOLOGIST 


HARVARD COMMUNITY HEALTH 
PLAN is New England’s largest and most 
experienced HMO. We currently serve over 
385,000 members in ten staff model Health 
Centers and twelve affiliated Medical 
Group practices. We are seeking a BC/BE 
general ophthalmologist for July, 1989. We 
offer a challenging office and surgical prac- 
tice with staff privileges at Massachusetts 
Eye and Ear Infirmary and the opportu- 
nity for a Harvard Medical School teach- 
ing appointment, and an excellent 





compensation and benefit package includ- 
ing paid malpractice. 


x ? Please send CV. to Harold W. Forbes, 


The tonometer M.D., Director of Physician Recruit- 
° =A ment, Harvard Community Health 

held Nn the e Plan, 10 Brookline Place West, 
Brookline, MA 02146 or call (617) 


highest esteem. ° ES 


An equal opportunity employer 


A Harvard Community 


Clement Clarke 


The Perkins Applanation Tonometer is available 
at an authorized Clement Clarke Inc. dealer. Call 
1-800-898-8923 for more information. 


Health Plan 
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e Tracks next dose to be taken. 


« Minimizes confusion for patients on multidose therapy or multiple medications. 





Betagan*(levobunoto! HCl) 0.5% 


Liquifilm® sterile ophthalmic solution with 
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Compliance Cap Q.D. 


Betagan”(levobunotol HCl) 0.5% 


Liquifilm® sterile ophthalmic solution with 


C CAP" 


Compliance Cap B.I.D. 


INDICATIONS AND USAGE: BETAGAN Liquifilm sterile ophthalmic solution has 
been shown to be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated in those individuals with 
bronchial asthma or with a history of bronchial asthma, or severe chronic 
obstructive pulmonary disease (see WARNINGS); sinus bradycardia; second 
and third degree atrioventricular block; overt cardiac failure (see WARNINGS); 
cardiogenic shock; or hypersensitivity to any component of this product. 
WARNINGS: As with other topically applied ophthalmic drugs, BETAGAN may 
be absorbed systemically. The same adverse reactions found with systemic 
administration of beta-adrenergic blocking agents may occur with topical 
administration. For example, severe respiratory reactions and cardiac reac- 
tions, including death due to bronchospasm in patients with asthma, and 
rarely death in association with cardiac failure, have been reported with topical 
application of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 
Cardiac Failure: Sympathetic stimulation may be essential for support of 
the circulation in individuals with diminished myocardial contractility, and 
its inhibition by beta-adrenergic receptor blockade may precipitate more 
severe failure. /n Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over a period of 
time can, in some cases, lead to cardiac failure. At the first sign or symptom 
of cardiac failure, BETAGAN should be discontinued. Non-allergic Broncho- 
spasm: In patients with non-allergic bronchospasm or with a history of non- 
allergic bronchospasm (eg., chronic bronchitis, emphysema), BETAGAN 
should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta, 
receptors. Major Surgery: The necessity or desirability of withdrawal of beta- 
adrenergic blocking agents prior to major surgery is controversial. Beta- 
adrenergic receptor blockade impairs the ability of the heart to respond to 
beta-adrenergically mediated reflex stimuli. This may augment the risk of 
general anesthesia in surgical procedures. Some patients receiving beta- 
adrenergic receptor blocking agents have been subject to protracted severe 
hypotension during anesthesia. For these reasons, in patients undergoing 
elective surgery, gradual withdrawal of beta-adrenergic receptor blocking 
agents may be appropriate. If necessary during surgery, the effects of beta- 
adrenergic blocking agents may be reversed by sufficient doses of such 
agonists as isoproterenol, dopamine, dobutamine or levarterenol (see OVER- 
DOSAGE). Diabetes Mellitus: Beta-adrenergic blocking agents should be 
administered with caution in patients subject to spontaneous hypoglycemia 
orto diabetic patients (especially those with labile diabetes) who are receiving 
insulin or oral hypoglycemic agents. Beta-adrenergic receptor blocking agents 
may mask the signs and symptoms of acute hypoglycemia. Thyrofoxicosis: 
Beta-adrenergic blocking agents may mask certain clinical signs (eg., 
tachycardia) of hyperthyroidism. Patients suspected of developing thyro- 
toxicosis should be managed carefully to avoid abrupt withdrawal of beta- 
adrenergic blocking agents which might precipitate a thyroid storm. Con- 
tains sodium metabisulfite, a sulfite that may cause allergic-type reactions 
including anaphylactic symptoms and life-threatening or less severe asth- 
matic episodes in certain susceptible people. The overall prevalence of sul- 
fite sensitivity in the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in nonasthmatic people. 
PRECAUTIONS: General: BETAGAN® (levobunolol HCI) 0.5% Liquifilm® sterile 
ophthalmic solution should be used with caution in patients with known hyper- 
sensitivity to other beta-adrenoceptor blocking agents. Use with caution in 
patients with known diminished pulmonary function. In patients with angle- 
closure glaucoma, the immediate objective of treatment is to reopen the 
angle. This requires constricting the pupil with a miotic. BETAGAN has little 
or no effect on the pupil. When BETAGAN is used to reduce elevated intraocular 
pressure in angle-closure glaucoma, it should be used with a miotic and 
not alone. Muscle Weakness: Beta-adrenergic blockade has been reported 


to potentiate muscle weakness consistent with certain myasthenic symptoms 
(eg., diplopia, ptosis and generalized weakness). Drug Interactions: BETAGAN 
should be used with caution in patients who are receiving a beta-adrenergic 
blocking agent orally, because of the potential for additive effects on sys- 
temic beta-blockade. Although BETAGAN used alone has little or no effect 
on pupil size, mydriasis resulting from concomitant therapy with BETAGAN 
and epinephrine may occur. Close observation of the patient is recommended 
when a beta-blocker is administered to patients receiving catecholamine- 
depleting drugs such as reserpine, because of possible additive effects and 
the production of hypotension and/or marked bradycardia, which may 
produce vertigo, syncope, or postural hypotension. Animal Studies: No adverse 
ocular effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment of fertility: \n a life- 
time oral study in mice, there were statistically significant (p < 0.05) increases 
in the incidence of benign leiomyomas in female mice at 200 mg/kg/day 
(14,000 times the recommended human dose for glaucoma), but not at 12 
or 50 mg/ kg/day (850 and 3,500 times the human dose). In a two-year 
oral study of levobunolol HCI in rats, there was a statistically significant 

p < 0.05) increase in the incidence of benign hepatomas in male rats 
administered 12,800 times the recommended human dose for glaucoma. 
Similar differences were not observed in rats administered oral doses equiva- 
lent to 350 times to 2,000 times the recommended human dose for 
glaucoma. Levobunolo! did not show evidence of mutagenic activity in a 
battery of microbiological and mammalian in vitro and in vivo assays. 
Reproduction and fertility studies in rats showed no adverse effect on male 
or female fertility at doses up to 1,800 times the recommended human dose 
for glaucoma. Pregnancy Category C: Fetotoxicity (as evidenced by a greater 
number of resorption sites) has been observed in rabbits when doses of 
levobunolol HCI equivalent to 200 and 700 times the recommended dose 
for the treatment of glaucoma were given. No fetotoxic effects have been 
observed in similar studies with rats at up to 1,800 times the human dose 
for glaucoma. Teratogenic studies with levobunolol in rats at doses up to 
25 mg/kg/day (1,800 times the recommended human dose for glaucoma) 
showed no evidence of fetal malformations. There were no adverse effects 
on postnatal development of offspring. It appears when results from studies 
using rats and studies with other beta-adrenergic blockers are examined, 
that the rabbit may be a particularly sensitive species. There are no adequate 
and well-controlled studies in pregnant women. BETAGAN should be used 
during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Systemic beta-blockers and topical timolol maleate are known 
to be excreted in human milk. Caution should be exercised when BETAGAN 
is administered to a nursing woman. Pediatric Use: Safety and effectiveness 
in children have not been established. ADVERSE REACTIONS: In clinical trials 
the use of BETAGAN has been associated with transient ocular burning and 
stinging in about one in four patients, and with blepharoconjunctivitis in about 
one in 20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and WARNINGS). The fol- 
lowing adverse effects have been reported rarely with the use of BETAGAN: 
lridocyclitis, headache, transient ataxia, dizziness, lethargy, urticaria and pru- 
ritus. Decreased corneal sensitivity has been noted in a small number of 
patients. Although levobunolol has minimal membrane-stabilizing activity, 
there remains a possibility of decreased corneal sensitivity after prolonged 
use. The following additional adverse reactions have been reported with 
ophthalmic use of beta, and beta, (non-selective) adrenergic receptor block- 
ing agents: BODY AS A WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, 
syncope, heart block, cerebral vascular accident, cerebral ischemia, con- 
gestive heart failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depres- 
sion. SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease), respiratory failure ENDOCRINE: Masked symptoms 
of hypoglycemia in insulin-dependent diabetics (see WARNINGS). SPECIAL 
SENSES: Signs and symptoms of keratitis, blepharoptosis, visual disturbances 
including refractive changes (due to withdrawal of miotic therapy in some 
cases), diplopia, ptosis. Other reactions associated with the oral use of non- 
selective adrenergic receptor blocking agents should be considered poten- 
tial effects with ophthalmic use of these agents. 
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time in miles, not in hours. And the only 
schedule | keep is the one that gets me to the 
next loading dock.” 


For many of your glaucoma 
patients, daily activity is just a blur 
of days into nights. And normal 
routines—like tracking a medica- 
tion schedule—somehow get lost 
in the haze. 
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Q.D. or Betagan with C Cap B.LD. 
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C Cap. 

Please see adjacent page for 
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Editorial 


The Ethics Committee of the 
American Academy of Ophthalmology 


he Ethics Committee of the American Academy 

of Ophthalmology was established on Jan 1, 1984, 
at which time the Code of Ethics! took effect. Two ad 
hoc committees, established by the Board of the 
Academy, convened to frame the Code in 1981. 
Between 1981 and 1984, the Code was drafted and 
redrafted in response to numerous suggestions by 
members and others. The membership of the Acade- 
my participated in a referendum on the Code, with 
acceptance by the vast majority (94%) of voting 
members. The Code was reviewed by the Federal 
Trade Commission, and an advisory opinion was 
rendered in 1983. The advisory opinion, the first ever 
rendered to a health sciences body, permitted the 
Academy to implement and enforce the Code without 
excessive anxiety about restraint of trade litiga- 
tion. 

Jerome Bettman, Sr, MD, chaired the committees 
that wrote the Code (in its several iterations). He 
shepherded the Code through the Federal Trade 
Commission and the approval process by the mem- 
bership, and was indefatigable in shaping the com- 
mittee’s work, as its chairman, through the first four 
years of formal activity. His tenure is appropriately 
characterized as productive, tireless, good humored, 
and unfailingly committed to the ethical practice of 
ophthalmology. Fortunately for ophthalmology, he 
now leads the Academy’s medicolegal committee. 

In the early years of Ethics Committee activity, 
primary emphasis was placed on education as 
opposed to enforcement. The formats utilized include 
a manual,? advisory opinions to expand principles 
and rules of the Code, policy statements, an Academy 
course, individual discussions, and letters of guid- 
ance and/or concern. The approach derives from the 
belief that involving and listening to the member- 
ship are important precedents to effective proce- 
dures. In the long term, punitive actions, ie, applying 
sanctions, are best limited to circumstances in which 
behavior is both demonstrably unethical and irreme- 
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dial. The Code states a consensus of professional 
expectations that serves the best interests of the 
patient; the Committee searches for the most effec- 
tive means to foster those interests. 

Since 1984, more than 750 submissions to the 
Committee have been processed. The major issues 
that have been raised include advertising (>60%), 
responsibility for postoperative care, and MD- 
optometrist relationships. Most responses of the 
Committee have been in the general category of 
guidance and/or expressions of concern. Investiga- 
tions have been relatively infrequent (about 30). 
Disciplinary actions, in the spirit of educational 
guidance, purposely have been few. The results of the 
Committee’s efforts are difficult to assess—there is 
no control group. The Committee has been encour- 
aged by expressions (>160) of compliance and com- 
mitment to ethical practice. 

Administrative procedures of the Code set the 
framework for committee activity. The Committee’s 
procedural policies are in evolution; they are in- 
tended to concurrently represent and defend the 
Code’s rules of ethics and to protect the membership 
from unwarranted allegation. Certain points deserve 
emphasis. Documents that are distributed by oph- 
thalmologists speak for themselves. Therefore, data 
and source-identified advertising copy may become a 
“complainant,” and disclosure of its sender is not 
required to evince a Committee response. On the 
other hand, due process requires that an accused 
have the opportunity to face his/her accusers. Thus, 
an allegation of unethical practice, with evidence not 
generally broadcast to the public, requires an identi- 
fied complainant (patient, ophthalmologist, agency, 
etc). This requirement has been a barrier to several 
investigations. 

Much of the Committee’s work has been in written 
form, primarily to ensure that exchanges were docu- 
mented appropriately. There have been shortcom- 
ings in this approach: (1) exchanges often became 
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quite delayed, (2) information transmitted often was 
circumscribed in content, (3) misapprehensions 
occurred, and (4) information received by the Com- 
mittee was occasionally sufficiently incomplete to 
evoke an inappropriate response. The results, on 
occasion, were an inordinate delay in resolution of 
issues and creation of unnecessary ill will. The 
Committee is evaluating procedures designed to 
make the process more collegial, more accurate and 
efficient, and open to greater involvement and sup- 
port from the membership. We openly seek member- 
ship input in these matters. 

The resolution of an ethical dilemma is not an 
abstract process. However, the process becomes 
rational and predictable only when all parties share 
relevant values and perspectives. In the instance of 
ethical medical decision making, the following issues 
form the basis for those decisions: (1) philosophy of 
the physician-patient relationship, (2) nature of ill- 
ness and healing, (3) theory of ethics, and (4) sources 
of morality. Without agreement among patients, 
their physicians, and (to a degree) those who pay for 
services on these issues, derivative perspectives will 
differ, ie, there will be no ethical consensus. The 
challenge of the Ethics Committee is to represent 
and defend the values of ophthalmologists, to the 
extent they preserve, protect, and defend the best 
interests of individual patients. 


As part of the strategic planning process for the 
Academy, ethics was grouped with quality of care. 
Because both, by definition, represent the best inter- 
est(s) of patients, there is common ground. Ethics— 
representing substantial dimensions of the caring 
functions of a physician—are integral to quality 
care, probably at its very core. As we proceed 
through the “decade of quality” (1985-1995), the 
assessment and assurance of quality should proceed 
hand in hand with the pursuit of humanitarian 
values represented in the Code of Ethics. 

In summary, the functions and strategies of the 
Academy’s Ethics Committee foster education 
(through response to inquiries and challenges, advi- 


sory opinions, etc), compliance with the Code and the. 


values it represents, discussions that seek consensus 

as a basis for rational decision making, and elevated 

standards of care for humanitarian purposes. 
GEORGE R. BEAUCHAMP, MD 
Cleveland 
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Special Article 


Trends of the Ophthalmic Literature 


From 1955 to 1985 


Or method to characterize a discipline is to study 

and analyze its literature, especially in refereed 
and well-established journals, over a significant 
period. The purpose of this study is to present and 
characterize articles in six refereed journals in oph- 
thalmic literature from the years 1955 to 1985. The 
articles are classified as “basic science” or “clinical 
science” or “clinically descriptive,” and most of them 
originated from authors and institutions in the 
United States. 

In addition, the type of support cited for these 
published studies is characterized and analyzed. 
Although there is vast information on the types of 
grants and the amounts of support from such orga- 
nizations as the National Institutes of Health (NIH) 
and various private foundations, there are few data 
on the product of the grants, such as the published 
literature. Therefore, this study also identifies 
trends of cited grant support in the ophthalmic 
literature. 


MATERIALS AND METHODS 


Six prominent ophthalmology journals were analyzed: 
American Journal of Ophthalmology, ARCHIVES OF OPH- 
THALMOLOGY, Ophthalmology (formerly Transactions of the 
American Academy of Ophthalmology and Otolaryngolo- 
gy), Experimental Eye Research, Investigative Ophthal- 
mology and Visual Science, and Vision Research. These 
journals were chosen because their articles are refereed, 
the journals are well established, and they represent the 
basic and clinical sciences. 

Articles were examined and analyzed in the odd years 
from 1955 to 1985, eg, 1955, 1957, and 1959. Experimental 
Eye Research and Vision Research began publishing in 
1961, and thus for these two journals, the odd years from 
1961 to 1985 were analyzed. Investigative Ophthalmology 
and Visual Science commenced publication in 1962, and the 
odd years from 1963 to 1985 were analyzed. In all, a total of 
14307 articles were categorized. Review articles, lectures, 
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editorials, discussions, and reports of instruments were 
excluded from the study. In the American Journal of 
Ophthalmology, appropriate articles in the section “Notes, 
Cases, and Instruments” were included. In the same jour- 
nal, in the years 1983 and 1985, appropriate scientific 
articles were also included from the section “Letters to the 
Journal.” In all other journals, letters to the editors were 
excluded from analysis. 

All articles included were classified into one of three 
types: basic science (investigative) if experimentation was 
performed on animals, clinical science (investigative) if 
experimentation was done involving humans or human 
tissue, or clinically descriptive for case presentations. 
Articles that presented cases and published histological or 
anatomical pictures were considered clinically descriptive 
if they used the histological preparations for purely diag- 
nostic purposes. If the morphological presentations were 
used for any type of investigative purposes, the articles 
were classified as investigative. Articles that reviewed 
diseases and presented cases were classified as clinically 
descriptive. Those articles presenting cases as support for 
providing a hypothesis were classified as clinical science. 
Articles describing new operative procedures were 
described as clinically descriptive. Retrospective, compara- 
tive, or statistical studies of operative procedures, howev- 
er, were classified as investigative-type articles. 

When counting pages in each issue, only pages of articles 
were included. For each article, all agencies cited for 
providing support as grants or fellowships for the study 
were noted. The organizations most frequently cited 
included the National Eye Institute (NEI), the National 
Institute of Neurological Disease and Blindness, other NIH 
and other governmental agencies, private industrial corpo- 
rations, Fight for Sight Inc, Lions Clubs, Research to 
Prevent Blindness Inc, National Society for the Prevention 
of Blindness, other American foundations, and foreign 
organizations. 

All NIH listings that did not specify the institute were 
placed in the category NEI (National Institute for Neuro- 
logical Diseases and Blindness). The category “other NIH” 
included any institute of NIH listed other than NEI or the 
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National Institute for Neurological Diseases and Blindness 


(eg, the National Cancer Institute and the National Heart, 


Lung, and Blood Institute). United States governmental 
agencies, exclusive of the NIH (eg, the US Atomic Energy 
Commission, the US Department of Defense, and the US 
Department of Energy) were included in the category 
“other governmental agencies.” 

The category “private industrial corporations” included 
all companies (eg, Parke-Davis and Bausch & Lomb). All 
miscellaneous foundations originating within the United 
States (eg, the National Retinitis Pigmentosis Foundation, 
Myasthenia Gravis Foundation, individual family founda- 
tions, and memorial funds) were categorized as “other 
American foundations.” Finally, the “foreign organiza- 
tions” category included any foundation, both private and 
governmental, that was based outside of the United States 
(eg, the Defense Research Board [Canada] and the Japa- 
nese Ministry of Education and Welfare [Japan)). 


RESULTS 
Trends in Ophthalmic Literature 


Figure 1 shows the total number of articles pub- 
lished in the analyzed journals from 1955 to 1985. 
The trend shows a linear increase from the year 1963, 
the first year in which all six journals were exam- 
ined; there were 679 articles published. By 1985, 
these same six journals published 1440 articles, a 
112% increase in 22 years. 

Figure 2 shows the total number of pages of 
articles published by the six journals from 1955 to 
1985. The trend also seems to be linear over this 
period, with a total of 8779 pages published in 1985, a 
94% increase since 1963, when a total of 4532 pages 
were published. 

The average number of pages per article published 
in all journals from 1955 to 1985 is shown in Fig 3. In 
1955, the average number of pages was 7.2. In 1985, 
the average length of each article was 6.1 pages, a 
15% decline, and also the lowest level over the entire 
interval of 1955 to 1985. 

Figure 4 shows the analysis by year of the percent- 
age of articles classified as basic science, clinical 
science, or clinically descriptive. Over the interval, 
the relative number of basic science and clinical 
science articles increased by 27% and 52%, respec- 
tively, while the number of clinically descriptive 
articles decreased by 59%. From 1955 to 1963, clinical 
science and clinically descriptive articles were the 
major type of article published. From 1963 to 1985, 
clinical science articles were consistently the largest 
percentage of the total articles published. Basic 
science articles were the second most prevalent, by 
percent, from 1967 to 1985. 

Figure 5 displays, in seven-year intervals, the 
types of articles published by the journals. Experi- 
mental Eye Research and Investigative Ophthalmolo- 
gy and Visual Science published primarily basic 
science articles, with a lower percentage of clinical 
science articles and a small percentage of clinically 
descriptive articles. For Vision Research, clinical 
science articles maintained the highest percentage, 
except for the interval 1963 to 1969, when basic 
science articles showed a small majority. For the 
ARCHIVES OF OPHTHALMOLOGY, basic science articles 
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Fig 1.— Total number of articles published in analyzed journals 
from 1955 to 1985. 


Total Pages of Articles 
of All Journals 





Fig 2.—Total number of pages published in analyzed journals 
from 1955 to 1985. 


consistently constituted 20% of the published arti- 
cles. Clinical science articles, however, increased in 
percentage over the entire interval, with a corre- 
sponding decline in publication of clinically descrip- 
tive articles. For the American Journal of Ophthal- 
mology, the percentage of clinical science articles 
increased, with an accompanying decrease in the 
percentage of basic science articles, but not of clini- 
cally descriptive articles. Ophthalmology has pub- 
lished a small percentage of basic science articles. In 
the interval 1955 to 1961, clinically descriptive arti- 
cles dominated, but this reversed, with clinical sci- 
ence articles representing 69% of the articles pub- 
lished from 1979 to 1985. 


Trend of Support for the 
Ophthalmic Literature 


Figure 6 shows analyses of the percentage of basic 
science, clinical science, and clinically descriptive 
articles that cited some type of support over the 
years 1955 to 1985. Citations of support increased by 
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Fig 3.—Average number of pages per article published in 
analyzed journals from 1955 to 1985. 
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Fig 5.—Percentage of types of articles published in analyzed journals for seven-year intervals from 1955 to 
1985. AJO indicates American Journal of Ophthalmology. 


the greatest percentage for basic science articles, 
rising from 63% of articles in 1955 to 88% in 1985, a 
32% increase over this period. Clinical science 
articles have consistently fewer citations of support 
than basic science articles but show a rise from 
32% in 1955 to 66% in 1985, a 106% increase. Finally, 
clinically descriptive articles have the lowest per- 
centage of citations of support, ie, 30% in 1985. 
However, this represents a 295% increase from the 
1955 level of 8%. Thus, all types of articles show net 
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Fig 4.—Percentage of types of articles published per year in 
analyzed journals from 1955 to 1985. 
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increases in their percentage of citations of support 
from 1955 to 1985. The largest increases occurred 
between 1955 and 1971 and are more pronounced for | 
clinical science and clinically descriptive articles 
than for basic science articles. From 1971 to 1985, the 
percentage of articles citing support was approxi- 
mately unchanged for basic science and clinical 
science articles, and actually declined for clinically 
descriptive articles. 

Figure 7 displays the percentage of each type of 
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article that cited support from NIH (mainly the NEI) 
and all other organizations combined (such as other 
government agencies, American foundations, foreign 
support, private industrial corporations, Fight for 
Sight Inc, Lions Clubs, Research to Prevent Blind- 
ness Inc, and National Society for the Prevention of 
Blindness) during four seven-year intervals from 
1955 to 1985, as well as the percentage citing no 
support. The citations of NIH support increased in 
all three types of articles from 1955 to 1977 (76% 
increase for basic science, 109% increase for clinical 
science, and a 932% increase for clinically descrip- 
tive), and then leveled or declined until 1985 (2% 
decrease for basic science, 11% decrease for clinical 
science, and a 51% decrease for clinically descrip- 
tive). All other combined organizations rose in the 
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Fig 6.—Percentage of types of articles citing support in 
analyzed journals from 1955 to 1985. 
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percentage of citations of support over the period 
from 1955 to 1985 for basic science (63% increase), 
clinical science (120% increase), and clinically 
descriptive (352% increase). 

By the interval 1971 to 1977, the percentage of 
articles in each category citing support by all other 
organizations had approximately equaled those cit- 
ing support by the NIH. Finally, the percentage of 
articles citing no type of grant support steadily 
declined between 1955 and 1985. By the final interval 
(1979 to 1985), however, 17% of basic science articles 
still did not cite any type of support. 

The Table gives the cited support from the subdi- 
visions of the NIH and other organizations. When 
the NIH is separated into the categories “NEI” and 
“other NIH,” the decline during the interval from 
1979 to 1985 (Fig 7) is more a reflection of other NIH 
than NEI. 

The citation of funding by basic science articles of 
government agencies other than the NIH decreased 
by 84% over 1955 to 1985, in contrast to clinical 
science articles, where the decline is noticeable only 
for the last interval, 1979 to 1985. For clinically 
descriptive articles, the citation of support also 
decreased from 1979 to 1985. 

The citation of support from private industrial 
corporations is approximately level over the four 
intervals for each of the different categories of 
articles, and is less than 3.6% in each group of 
articles. 

The organization Fight for Sight Inc was cited 
increasingly for support in basic science articles over 
the first two intervals (from 7.8% to 9.8%), but fell 
over the last two intervals to less than 5% support. 
Citation of Fight for Sight Inc as support of clinical 
science and clinically descriptive articles remained 
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Fig 7.—Percentage of articles citing support by type of organization, as well as those citing no support, in 
analyzed journals for seven-year intervals from 1955 to 1985. NIH indicates National Institutes of Health. 
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stable over the years 1955 to 1985. The National 
Society for the Prevention of Blindness decreased in 
citations in all three categories of articles over the 
years 1955 to 1985. The Lions Clubs and Research to 
Prevent Blindness Inc had increasing citations of 
support in all categories of articles over the entire 
period 1955 to 1985. “Other American foundations” 
also showed a general increase in citation by all 
categories of articles. 

The citation of foreign organizations, ie, outside 
the United States, for support in basic and clinical 
science articles rose notably over the period 1955 to 
1985. For clinically descriptive articles, the percent- 
age was consistently less than 2%. 


COMMENT 


The defects of this study are that it is limited to six 
ophthalmic journals—other ophthalmic journals 
were being published, especially in recent years; 
other vision research was published in other jour- 
nals, especially basic science journals; and many 
articles had multiple citations of support. Despite 
these limitations, this study identifies important 
trends in the ophthalmic literature. 

The number of articles in the six journals 
increased each year over the period 1955 to 1985. This 
is a result of not only an increased number of pages 
published by the journals each year but also a 
general decrease in the average number of pages for 
each article. Thus, even though publication costs 
have risen concurrently with administrative costs, 


- the journals were able to publish more pages and 


more articles. 
The percentage of clinical science articles pub- 
lished has been increasing over the period from 1955 
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to 1985, and since 1981 has represented over 50% of 
the articles being published by the six journals. Basic 
science articles showed their greatest percentage 
increase from 1959 to 1973, when they peaked at 37% 
and have since declined to 31% to 34% of total 
articles published through 1985. There was a consis- 
tent decrease in publication of clinically descriptive 
articles from their peak of 41% in 1955 to 14% in 
1983. In the 30-year period from 1955 to 1985, there 
was a 60% decline in the percentage of clinically 
descriptive articles published. This resulted from the 
journals publishing a greater percentage of basic 
science articles. 

Thus, the journals have not only been publishing 
more articles, but more articles of an investigative 
type rather than a descriptive type. These changes 
are also noticeable within the journals. The 
ARCHIVES OF OPHTHALMOLOGY and Ophthalmology 
have shown a decrease in the percentage of published 
clinically descriptive articles, which is mainly associ- 
ated with an increase in the percentage of clinical 
science articles. Another noticeable trend is a 
decrease in the percentage of basic science articles 
being published in the American Journal of Ophthal- 
mology. 

Citation of support by different types of articles 
has shown a net increase in the percentage for all 
three types of articles from 1955 to 1985. Although 
clinical science and clinically descriptive articles 
have had greater percentage increases in citations of 
support than basic science articles, the basic science 
article has consistently shown the greatest overall 
percentage of citations of support. From 1971 to 1985, 
approximately 80% of basic science articles have 
cited some type of support. The NIH was cited for 
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providing support in approximately 70% of the basic 
science articles in this interval. 

The citation of all other organizations combined, 
however, has gradually increased and surpassed the 


- citation of the NIH (85% of basic science articles by 


1979 to 1985). This is largely due to increased citation 
of foreign organizations, other American founda- 
tions, and other organizations, such as Research to 
Prevent Blindness Inc. In all three categories of 
articles, Research to Prevent Blindness Inc is cited 
more than any other private organization. The 
increase of citations of foreign support probably 
reflects the publication of articles from outside the 
United States, rather than institutions outside the 
United States providing support for research or 
publication within the United States. 

Percentages of citation or changes in percentage of 
citation do not reflect the amount and percentage of 
financial support for research or publication. The 
NIH in the United States remains the largest provid- 
er of financial support for research despite the small 
relative recent decline in the percentage citation for 
clinical science and clinically descriptive articles. It 


is estimated that over $138 million was spent in 
fiscal year 1981 for vision research,! with the NEI 
being the largest single source of vision research 
support, accounting for 85% of the total funds ($118 
million, which included support for almost 900 inves- 
tigator-initiated grants). 

The number of articles citing no support has 
steadily declined over 1955 to 1985, probably reflect- 
ing the increased costs of performing research and 
even of publishing articles. 

BRIAN DE BROFF 
BERNARD SCHWARTZ, MD, PHD 
Boston 
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Bilateral Anterior Transposition of the Inferior Obliques 


James L. Mims III, MD, Robert C. Wood 


@ Sixty-one children with bilateral 
overaction of the inferior oblique muscle 
with concurrent or previous infantile eso- 
tropia received bilateral inferior oblique 
recessions with anteriorization to a point 
2 to 4mm anterior to the lateral end of the 
inferior rectus insertion. Subsequent re- 
operation for recurrent overaction of the 
inferior obliques was needed in only one 
case. Also, substantial reduction in disso- 
ciated vertical deviation (DVD), when 
present, and almost complete absence of 
subsequent need for surgery for DVD 
among the 61 children of this series were 
new findings. Only one of the 61 required 
subsequent surgery for manifest DVD. In 
another series of 60 infantile esotropes of 
similar ages drawn from the same prac- 
tice who had previously had no inferior 
oblique surgery, nine needed surgery for 
DVD. This difference (one of 61 vs nine of 
60) was significant. 

(Arch Ophthalmol! 1989; 107:41-44) 


mie most popular recession tech- 

nique for weakening overacting 
inferior obliques was described by 
Parks'* and Hiles.. This technique 
includes placement of the anterior end 
of the inferior oblique insertion 3 mm 
posterior and 2 mm lateral to the 
inferior rectus insertion (point C of 
Fig 1) and placement of the posterior 
end of the inferior oblique insertion 4 
mm lateral to this point. Parks found 
that significant recurrent overaction 
with this technique occurred less fre- 
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quently (15% ) than with disinsertion 
(53% ) or with myectomy at the inser- 
tion (37% ).'? 

For those cases with recurrent over- 
action of the inferior obliques, Gon- 
zales* began performing denervation. 
For his cases of severe or recurrent 
overaction, Parks initially began plac- 
ing the recessed inferior oblique more 
posteriorly along the lateral border of 
the inferior rectus (point E in Fig 1), 
calling this a “14-mm” recession. He 
found this procedure ineffective for a 
series of patients with 4+ overaction 
and subsequently demonstrated that 
his technique of denervation and 
extirpation of the distal three quar- 
ters of the inferior oblique was effec- 
tive for severe overaction.° 

Point i of Fig 1 corresponds to the 
original insertion of the inferior 
oblique, and point D corresponds to 
the point suggested by Apt and Call‘ 
for moderate overaction of the inferi- 
or oblique. 

Scott’ performed computer simula- 
tion studies and pointed out that reat- 
tachment of the inferior oblique in a 
bunched fashion at the lateral end of 
the inferior rectus allows greater 
recession (shortening) of the muscle 
because the new anterior insertion of 
the muscle is nearer to the origin than 
with more posterior placement. 
Elliott and Nankin? performed a 
series of such procedures with reat- 
tachment of the inferior oblique to 
point B of Fig 1. Recurrent overaction 
occurred in only two of 21 cases in 
which they performed this procedure 
bilaterally. Also, this series included 
seven cases of persistent inferior 
oblique overaction after recessions to 
point C of Fig 1, and anteriorization to 
point B in these cases produced excel- 
lent results. 


In 1979, one of us (J.L.M.). began 
performing bilateral anteriorizations 
of the inferior oblique 2 to 4 mm 
anterior to the lateral end of the 
inferior rectus insertion (point A of 
Fig 1) for all infantile esotropes 
requiring bilateral inferior oblique 
weakening procedures for inferior 
oblique overaction. Anteriorization to 
more than 2 mm anterior to the later- 
al end of the inferior rectus insertion 
was reserved for those patients who 
also demonstrated significant dissoci- 
ated vertical deviation. This study is 
based on a review of charts of all such 
cases done from May 1981 to June 
1986. In all cases, the primary indica- 
tion for surgery was overaction of the 
inferior obliques. 


METHODS 
Surgical Technique 


The surgical technique was that 
described in the Atlas of Strabismus Sur- 
gery,’ except that the muscle was severed 
from the globe prior to placing the suture 
into the tip of the muscle. The disinserted 
inferior oblique can never be lost, because 
it originates from the orbital rim rather 
than from the orbital apex and because of 
its stout attachments to the ligament of 
Lockwood. Once disinserted, the tip of the 
inferior oblique was engaged in a Gunder- 
son muscle clamp to aid placement of 


suture into the tip of the muscle in the | 


usual fashion (Fig 2). 

For the reattachment of the muscle to 
the globe, a Green muscle hook (retractor) 
placed posterior to the inferior rectus ten- 
don was drawn gently in an anterior direc- 
tion to stabilize the globe as the inferior 
oblique was reattached to the globe in the 
classic crossed-swords fashion. What had 
been the anterior end of the inferior 
oblique recession was placed 2 mm anteri- 
or to the lateral end of the inferior rectus 
insertion. What had been the posterior end 
of the inferior oblique insertion was placed 
3 mm lateral to this point, thus producing 















Transposition of Inferior Obliques—Mims & Wood 41 


ps 





EESO ee eee ee 








Fig 1.—Recession of inferior oblique to vari- 
ous points preferred by different surgeons. 
Point A is anterior transposition used in this 
study. Point B was favored by Elliott and 
Nankin.® Point C is ‘‘10-mm” recession point 
of Parks.'* Point D was recommended by Apt 
and Caill® for moderate overaction of inferior 
oblique. Point E is ‘‘14-mm’’ recession point of 
Parks, favored by Hiles et al.'* Point i is 
insertion of inferior oblique and point O is 
insertion. 


a bunching of the new inferior oblique 
insertion. Great care was taken to avoid 
leaving bare inferior oblique muscle uncov- 
ered by muscle capsule in contact with the 
inferior rectus muscle, to avoid adherence 
syndrome (Fig 3). 


Patient Selection 


Charts of all 61 children with previous or 
untreated infantile esotropia who received 
bilateral anterior transposition of the infe- 
rior obliques in the practice of one of us 
(J.L.M.) from May 1981 to June of 1986 
were reviewed. Age at initial surgery, 
severity of overaction of the inferior 
obliques, age at last follow-up visit, pres- 
ence of residual overaction of the inferior 
obliques at last follow-up visit, A and V 
patterns before and after inferior oblique 
surgery, subsequent surgeries, and the 
development of dissociated vertical devia- 
tion were tabulated. The technique for 
measuring the DVD was the commonly 
used “prism under cover” test, as described 
by Mallette and coworkers. The criterion 
for reoperation for recurrence of signifi- 
cant inferior oblique overaction was the 
return of any hypertropias in side gazes; 
small amounts of recurrent hypertropia on 
up and right gaze or up and left gaze were 
recorded as 1+ or 2+ ona scale of 1+ to 4+ 
and were regarded as benign. 

The same diagnostic retrieval system 
was used to find another group of children 
of similar ages with infantile esotropia 
who had never had more than persistent 
1+ overaction of the inferior obliques and 
who had never had inferior oblique weak- 
ening procedures. These children were 
listed along with their corresponding ages 
at the last follow-up visit. All younger than 
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Fig 2.—Right eye, surgeon’s view, with Des- 
marres’ retractor applying gentle traction infe- 
riorly; lateral canthus is at right and medial 
canthus is at left. In recession of inferior 
oblique, muscle may be severed from globe 
without fear of losing it. Double-armed suture 
may then be safely and conveniently placed 
into tip of muscle after it is engaged on muscle 
clamp. This detail made procedure easier and 
safer than Parks’ traditional technique? of 
placing suture into inferior oblique prior to its 
disinsertion. 
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Fig 3.—Right eye, surgeon’s view; lateral 
canthus is at right and medial canthus is at 
left. Appearance of insertion of inferior oblique 
after anterior transposition to point A of Fig 1, 
lateral and anterior to lateral end of inferior 
rectus insertion. 


Table 1.—Children With Infantile Esotropia 


Bilateral anterior transposition 
of inferior obliques 
No inferior oblique surgery 


* DVD indicates dissociated vertical deviation. 


a certain age or older than a certain age 
were excluded, leaving a group of 60 from 
the middle of the age range. The ages from 
this middle group were averaged. 

This experiment was tried several times, 
until a group of 60 was found with an 
average age of the last visit similar to the 
average age at the last visit of the 61 who 
had received bilateral anterior transposi- 
tion of the inferior obliques. Tabulations of 
age at initial surgery, severity of overac- 
tion of the inferior obliques, A and V 
patterns, subsequent surgeries, and the 
development of dissociated vertical devia- 
tion were also made for this group. 


RESULTS 


The results are summarized in 
Tables 1 and 2 and in Fig 4. Among 61 
children with infantile esotropia who 
also had bilateral anterior transposi- 
tion of the inferior obliques, one sub- 
sequently needed surgery for DVD 
and one other needed denervation and 
extirpation for recurrent overaction 
of an inferior oblique. These 61 chil- 
dren had an average of 27+ 19 


Age at Last 
Visit, mo 


No. Needing Bilateral 
Superior Rectus Recession 
Later for DVD* 





months of follow-up after the inferior 
oblique surgery. The average age of 
these children at the last visit was 
62 + 28 months. 

Among a group of 60 additional 
children of similar ages who had had 
bimedial recessions for infantile eso- 
tropia but no more than persistent 1+ 
overaction of the inferior obliques and 
no need for inferior oblique surgery 
with an average age at last visit of 
61 + 25 months, nine had needed sur- 
gery for dissociated vertical deviation. 
Eight of these had symmetrical supe- 
rior rectus recessions of 9 to 13 mm,” 
and one had a bilateral superior rec- 
tus recession of 5 mm with Faden 
retropexy sutures 15 mm posterior to 
the original insertion of the superior 
recti.!? This difference (one of 61 vs 
nine of 60) was significant by Fisher’s 
exact test (P = .008) and by x? analy- 
sis (P = .019). 

Table 2 and Fig 4 detail nine 
patients who enjoyed profound reduc- 
tion of their DVD after bilateral ante- 
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Fig 4.—Reduction of dissociated vertical deviation in nine cases of this series (see Table 2). 


Table 2.—Patients With Overaction of Inferior Obliques and Significant DVD Before 
and After Bilateral Anterior Transposition of Inferior Obliques * 


Distance 


10 Was 


Transposed 


Preoperative 


"D 


S 


rior transposition of the inferior 
obliques. None has needed subsequent 
surgery for dissociated vertical devia- 
tion, because the deviation tendency is 
too infrequently manifest to warrant 
further surgery. The primary indica- 
tion for surgery in all nine cases was 
overaction of the inferior obliques. 
Significant DVD did not appear until 
months to years after the initial 
alignment surgery; discernible DVD 
was present in only two cases of each 
group at the initial preoperative 
examination. 

Among the 61 children with infan- 
tile esotropia who had received bilat- 
eral anterior transposition of the infe- 
rior oblique to point A of Fig 1 (or 
even more anterior as indicated for 
some cases in Table 2), 30 had the 
inferior oblique procedure performed 
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Anterior to 
IRI, mm 


Postoperative 





indicates dissociated vertical deviations; IO, inferior oblique; IRI, inferior rectus insertion. 


simultaneously with the initial bilat- 
eral medial rectus recession, and 31 
received the inferior oblique proce- 
dure four to 83 months (average, 33 
months) after the initial bilateral 
medial rectus recession. The preoper- 
ative overaction of the inferior 
obliques among the 61 averaged 2.3+ 
(+0.8+) on a 4+ scale and the median 
preoperative overaction was 2+. At 
the most recent visit (27 + 19 months 
of follow-up) of this group, only eight 
of the 61 had 1+ overaction of at least 
one inferior oblique and only two of 
the 61 had 2+ overaction of at least 
one inferior oblique. 

The average age at first alignment 
for the 61 who had inferior oblique 
surgery was 2l +17 months; the 
average age at first alignment for the 
60 who had no inferior oblique sur- 


gery was 18 + 13 months. These aver- 
ages at first alignment were not sig- 
nificantly different for the two groups 
(P = .28). Eleven of the 61 and 12 of 
the 60 were initially undercorrected, 
and two of the 61 were overcor- 
rected. 

Among the 61 infantile esotropes 
who had bilateral anterior transposi- 
tion of the inferior obliques, 18 had a 
significant V pattern preoperatively 
(>10 PD difference in up gaze vs down 
gaze), and six of the 18 had a signifi- 
cant V pattern postoperatively. One 
patient in this group and two patients 
in the group receiving no inferior 
oblique surgery developed A-pattern 
late secondary exotropia with overac- 


tion of the superior obliques requiring- 


bilateral superior oblique tenotomies 
and recessions of the lateral recti. No 
other A patterns were seen in either 
group at the last visit. 

Among the 61 receiving inferior 
oblique surgery, the original esotropia 
was 50 +18 PD and among the 60 
needing no inferior oblique surgery, 
the original esotropia was 42 + 17 
PD. This difference was significant by 
a Student’s t test (P = .011). Among 
the 61 receiving inferior oblique sur- 
gery, the bilateral medial rectus 
recession averaged 5.8 +07 mm; 
among the 60 needing no inferior 
oblique surgery, the bilateral medial 
rectus recession averaged 5.2 + 0.8 
mm. This difference was significant 
by a Student’s t test (P < .001). 


COMMENT 


Two benefits of bilateral anterior 
transposition of the inferior obliques 
appear to be effective elimination of 
overaction of the inferior obliques 
with very low incidence of need for 
reoperation and prevention or sub- 
stantial reduction of dissociated verti- 
cal deviation. Only one of 61 children 
with infantile esotropia and overac- 
tion of the inferior obliques receiving 
bilateral anterior transposition of the 
inferior obliques developed recurrent 
overaction with hypertropias on side 
gazes. Bilateral denervation and 
extirpation’ was an effective second 
surgery in this one case. 

In addition to the one patient who 
developed recurrent overaction with 
hypertropias on side gazes, ten other 
patients developed discernible recur- 
rent overaction seen only on up and 
right gaze or up and left gaze. Of 
these, eight had 1+ recurrent overac- 
tion of one or both inferior obliques; 
two others had 2+ overaction of both 
inferior obliques. This low incidence 
of recurrent overaction of the inferior 
obliques after bilateral anterior 
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transposition to point A of Fig 1 com- 
pares favorably with the findings of 
Elliott and Nankin’ (two of 21 recur- 
rent after bilateral anterior transpo- 
sition to point B of Fig 1), Parks'? (68 
of 444 recurrent after recession to 
point C of Fig 1), and Hered et al” (44 
of 341 recurrent after recession to 
point E of Fig 1). 

The second benefit of bilateral ante- 
rior transposition of the inferior 
obliques, newly reported with this 
study, appears to be prevention or 
substantial reduction (Table 2 and Fig 
4) of DVD. Only one of 61 children 
with infantile esotropia receiving 
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inferior oblique surgery in this study 
subsequently required surgery for 
DVD, an unusually low incidence of 
this problem.'*!> Among 60 additional 
infantile esotropes with no need for 
inferior oblique surgery with statisti- 
cally similar ages of initial align- 
ment and statistically similar ages at 
last follow-up visit, nine needed sur- 
gery for DVD, a difference statistical- 
ly significant by Fisher’s exact 
test (P = .008) and by x? analysis 
(P = .019). Discernible DVD was 
present in only two cases in each 
group at the first alignment surgery. 

Bremer et als and Mims” each 
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reported three cases of hypotropia 
after unilateral anterior transposition 
of an inferior oblique, emphasizing 
that the inferior oblique becomes a 
depressor when the tip of the muscle 
is anteriorized to the region of the 
lateral end of the inferior rectus 
insertion. This depressor action 
apparently prevents or reduces DVD. 
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Management of Monocular Congenital Cataracts 


Garry T. Drummond, MD, FRCSC; William E. Scott, MD; Ronald V. Keech, MD 


@ From 1971 through 1985, a diagno- 
sis of monocular congenital cataract was 
made in 14 consecutive patients. All 
patients had a visually significant cataract 
that was documented at birth or within 2 
months of age. All patients were followed 
up long enough to report distance linear 
recognition acuity. Excellent visual acuity 
(V/A) correlated with earlier surgery, ear- 
lier contact lens fit, and excellent ambly- 
opia therapy compliance. The oldest age 
for attainment of excellent or good V/A 
was 17 weeks. Patching therapy was 
based on the binocular fixation pattern. 
The patching program consisted of 50% 
occlusion until the age of 2 months and 
gradually increased to 100% occlusion 
after the age of 7 months. Six patients 
(43%) attained excellent V/A (>20/50), 
with three patients (21%) attaining good 
V/A (20/60 to 20/100) and five patients 
attaining poor V/A (<20/ 100). 

(Arch Ophthalmol 1989; 107:45-51) 


pe management of a monocular 
congenital cataract (MCC) is one of 
the most difficult and challenging 
problems in the field of pediatric oph- 
thalmology. Early reports consistent- 
ly concluded that satisfactory visual 
rehabilitation in this condition was 
hopeless, and a conservative manage- 
ment approach was advocated. This 
conservative attitude of the time was 
eloquently described by Costenbader 
and Albert? in 1957, when they made 
the following conclusion: 


Since visual acuity is not improved, stra- 
bismus is not favorably influenced, and 
photophobia is not alleviated, we would 
unequivocably advise against surgery in 
the unilateral congenital cataract unless 
the cataract is becoming hypermature. The 
appearance of the eye is usually not 
improved; function has not been helped, 
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and the eye has been jeopardized if surgery 
is performed. 

In 1970, von Noorden et al,° moti- 
vated by poor visual results with 
MCC, suggested a trial of aspiration 
of a unilateral mature congenital cat- 
aract within the first few days of life, 
followed by immediate contact lens 
correction. Since then, many authors 
have advocated early removal of MCC, 
with a prompt contact lens fitting and 
initiation of amblyopia therapy.”"® 

To our knowledge, the earliest 
report of a favorable visual acuity 
(V/A) MCC was by Frey et al” in 1973. 
They described two of 21 patients with 
idiopathic monocular cataracts in 
whom incomplete but dense cataracts 
had been diagnosed; these cataracts 
were noted at birth in one patient and 
at six weeks in the other. Surgery was 
done in these patients at 4 and 3% 
months of age, respectively, and after 
at least three years of follow-up, both 
patients obtained 20/40 V/A. Frey et 
al'’ concluded that a reappraisal of the 
traditional nonsurgical conservative 
approach to monocular cataracts in 
children was warranted. 

Since Frey and colleagues’”’ report, 
there have been several additional 
reports of good V/A in MCC." In 
1981, Pratt-Johnson and _ Tillson" 
described three patients who under- 
went cataract extraction at 5 months 
of age or less, one of whom developed 
20/30 V/A. In 1981, Beller et al’ 
described eight patients with total 
MCCs, with five patients achieving 
20/30 or better V/A, and the remain- 
ing three patients achieving 20/80 or 
better V/A. Visual evoked potential 
estimates of V/A were used in this 
group of patients to titrate amblyopia 
therapy. In 1986, Birch and cowork- 
ers” reported a prospective study of 
grating V/A after early surgery for 
congenital unilateral cataracts in 16 
patients. They concluded that aphakic 
V/A in this group of patients ranged 
from a grating acuity of 20/80 to 
20/25 and a near Allen chart visual 
acuity of 20/80 to 20/40. 

In 1988, Birch and Stager” reported 


linear distance acuities of 20/80 or 
better in 538% of 38 patients with 
unilateral congenital cataract. They 
reported the best outcome with sur- 
gery within two months of life, 
prompt optical correction, and aggres- 
sive occlusion therapy and regular fol- 
low-up. Catalano et al” reported good 
V/A (20/100, 20/60 Allen chart) in 
two of four patients with monocular 
infantile cataracts who were treated 
by using preferential-looking acuity 
to monitor patching therapy. 

Lewis et al? and Maurer et al” 
found that visual resolution was best 
for infants who received early surgery 
and had the normal eye patched for 
50% of waking hours. All children 
with MCCs showed asymmetry of 
optokinetic nystagmus and poor sensi- 
tivity in the nasal field of the aphakic 
eye. 

Despite these apparent good results 
with unilateral congenital cataracts, 
some questions remain to be an- 
swered. First, critics discount many of 
these results because of the difficulty 
in documenting the onset of the cata- 
ract. It is argued that good V/A 
results occur because the cataract is 
developmental and not present at 
birth. Most of the studies do not clear- 
ly define the age at onset or the type 
of cataract. Another problem has been 
the development of an effective patch- 
ing program. Some authors suggest 
titrating amblyopia therapy by moni- 
toring optokinetic nystagmus re- 
sponses.” Others advocate the use of 
visual evoked responses” or forced- 
choice preferential-looking V/A esti- 
mation during patching therapy.” 

The purpose of this communication 
is to review a consecutive series of 
MCCs in patients who were treated 
with early surgery and followed up 
with traditional clinical methods of 
amblyopia detection. The age at onset 
of the cataract, type of cataract, sur- 
gical procedure, and postoperative 
course are thoroughly documented. 
Visual acuity levels are reported 
based on linear recognition acuity 
testing measured at a 6-m distance. 
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Table 1.—Preoperative Data* 





Patient/Sex/ 
DOB/Age at 
Diagnosis/Eye 


1/M/6-6-72/2 mo/L 


2/M/ 10-4-74/birth/R 


3/M/5-9-75/1 mo/L 


4/F/9-28-75/5 wk/L 


5/F/4-1-78/birth/L 


6/F/7-3-79/birth/L 


7/F/7-9-80/birth/L 


8/F/6-6-81/2 mo/L 


9/M/ 10-6-82/14 d/L 


10/F/5-9-83/16 d/R 


11/F/11-7-83/9 d/R 


12/F/ 1-17-84/birth/R 


13/F/7-5-84/birth/L 


14/F/ 10-28-84/birth/L 





Description 
of Cataract 


Central and posterior, 
no view of fundus 


Dense nuclear and 
cortical, no red 
reflex except around 
periphery when 
dilated 


Central nuclear and 
posterior plaque, no 
view of fundus 


Dense nuclear and 
cortical, no red 
reflex on full dilation 


Dense nuclear and 
cortical, no red 
reflex on full dilation 


Dense posterior 
plaque, faint red 
reflex on full dilation 


Peripheral red reflex, 
central nuclear 
opacity 


Dense axial opacity 
more posterior with 
rim of red reflex 
around periphery, no 
view of fundus 


Dense central and 
posterior, no view of 
fundus 


Nuclear, thin rim of 
clear cortex with full 
dilation 


Dense nuclear and 
cortical, faint red 
reflex on full dilation 


Posterior cataract, disc 
and macula visible 
through periphery on 
full dilation 


Nuclear and posterior, 
disc and macula 
visible through 
peripheral clear rim 


Dense nuclear and 
cortical, faint red 
reflex fully dilated, 
no view of fundus 





Ultrasound 
Examination 


Result Comment 








Possible exposure 
to rubella 


Normal 


Smaller L eye, 
no evidence 
of PHPV 


Normal Surgery and 
amblyopia 
therapy done 
elsewhere, 
followed up at 
UI for 2° 


glaucoma 

L esotropia 
documented at 
birth 


Normal 


Surgery not done 
by authors, 
amblyopia 
therapy 
managed by 
authors 


Normal 


Ultrasound 
examination not 
done when 
posterior pole 
visible 

Ultrasound 
examination not 
done when 
posterior pole 
visible 

Normal 


*DOB indicates date of birth; PHPV, persistent hyperplastic primary vitreous; and Ul, University of lowa 


Hospitals and Clinics, lowa City. 


PATIENTS AND METHODS 


and no red reflex or only a thin peripheral 


red reflex when fully dilated [Table 1)). 


A computer search of all patients with a 
diagnosis of congenital cataract who were 
seen at the University of Iowa Hospitals 
and Clinics, Iowa City, during the years 
1971 through 1986 was made. From this 
list, all charts of unilateral cataracts were 
reviewed in detail. Before beginning chart 
review, the following criteria for inclusion 
into this study were established: 

1. Visually significant monocular cata- 
ract (no red reflex in the undilated state 
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2. We diagnosed the cataract in patients 
at birth or before 2 months of age, and the 
cataract was strongly suspected to be 
present from birth based on history and 
appearance. 

3. Surgery was undertaken during the 
first postnatal year. All patients were born 
within three weeks of full term. 

4. No preoperative or intraoperative evi- 
dence of persistent hyperplastic primary 
vitreous. 


5. Each of the patients had to have been 
followed up long enough to have a distance 
V/A measured at 6 m using linear Snell- 
en’s, E, or Allen picture charts. 

No patient was excluded from consider- 
ation for associated ocular or systemic 
abnormalities nor for postoperative diffi- 
culties with contact lens management or 
patching therapy noncompliance. Persis- 
tent hyperplastic primary vitreous cata- 
racts were excluded because this group of 
patients has been recently described.” 

The surgical procedure varied during the 
course of the treatment period and is docu- 
mented in Table 2. The majority of 
patients underwent an anterior-approach 
lensectomy and anterior vitrectomy with 
peripheral iridectomy, which is our current 
procedure of choice. The surgical procedure 
used was similar to that described by 
Parks.” 

All of the patients were fit as soon as 
possible after surgery with a hard or soft 
contact lens, and patching was instituted. 
The optical correction and patching thera- 
py were assessed on approximately a 
bimonthly basis in the first year and 
approximately monthly during the next 
two years. Vision was evaluated by fixation 
and following techniques when a gross 
strabismus was present or with the 10- 
diopter (D) base-down test with small or 
no deviations. These techniques and modi- 
fications have been described elsewhere.” 
The type and effectiveness of optical cor- 
rection and patching therapy were noted. 
We classified patients into excellent, good, 
or poor compliance with contact lens wear 
and patching therapy. Excellent contact 
lens compliance required a good-fitting, 
well-tolerated lens with no periods of non- 
wear greater than four weeks per each 
year. Good compliance meant a total non- 
wear period of greater than four weeks but 
less than two months for each year. Poor 
contact lens compliance meant a total non- 
wear time per year of greater than two 
months. 

Compliance with amblyopia therapy, 
although related to the optical correction, 
was judged independently. Excellent 
patching compliance meant any patient 
who achieved, on average, at least 75% of 
the recommended hours. Good patching 
compliance was 50% to 74% of the average 
recommended hour, while poor compliance 
was less than 50%. 

The final V/A results were also classi- 
fied as excellent, good, or poor. An acuity 
on the distance linear letter, linear E, or 
linear Allen picture charts of 20/50 or 
better was excellent. A good visual result 
was 20/60 to 20/100, and a poor result was 
less than 20/100. 


RESULTS 


Tables 1 and 2 summarize the pre- 
operative and surgical data in our 
study population. A total of 14 consec- 
utive patients were identified as meet- 
ing the inclusion criteria. There were 
ten female infants (71%) and four 
male infants (29% ) with ten left eyes 
(71%) and four right eyes (29%) 
involved. The diagnosis of MCC was 
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made at birth in seven patients (50% ), 
within the first month of life in four 
patients (29%), and within 2 months 
of age in the remaining three patients 
(21%). Ultrasound examination was 
performed on nine eyes (64%) preop- 
eratively and revealed no abnormali- 
ties other than a slightly smaller eye 
in patient 6. There were six total 
cataracts, three nuclear cataracts, 
two posterior polar cataracts, and 
three with a combination posterior 
polar and nuclear cataract. The cata- 
ract appearance is described in Ta- 
ble 1. 

The age at the time of surgery var- 
ied widely. In general, patients who 
underwent operations from 1972 
through 1979 were older at the time of 
surgery, while those patients who had 
operations from 1979 through 1984 
underwent surgery at a younger age. 
Four of the patients who underwent 
operations were younger than 1 
month of age, three more patients 
underwent surgery between 1 and 2 
months of age, four patients had oper- 
ations between 2 and 4 months of age, 
two patients underwent surgery at 4 
to 6 months of age, and one patient 
had surgery at more than 6 months of 
age. 

Eight of the surgeries were lensec- 
tomies and anterior vitrectomies per- 
formed with a vitreous-cutting instru- 
ment, three were needling and aspira- 
tion procedures, two were pars plana 
lensectomies and vitrectomies, and in 
one, the procedure was done else- 
where (patient 7). No complications 
occurred at the time of surgery. One 
case developed secondary glaucoma 
postoperatively (patient 7). 

Table 3 summarizes the amblyopia 
patching and contact lens therapy. 
The postoperative period before opti- 
cal correction with initiation of 
amblyopia therapy ranged from five 
days (patient 11) to 13 weeks (patient 
3) postoperatively, with an average of 
four weeks. The seven most recent 
patients were fit with a contact lens, 
and patching therapy was started 
within two weeks of their surgery. All 
but one of the patients were initially 
fit with contact lenses. Some of the 
patients, early in the study, were fit 
with soft contact lenses with less than 
the required power and were overcor- 
rected with glasses. The specific 
patching regimen varied with each 
patient and is detailed in Table 3. In 
general, the patching regimen con- 
sisted of part-time occlusion until 4 to 
9 months of age and then full-time 
occlusion (FTO) until a subjective 
V/A could be obtained. 

Table 4 summarizes the contact lens 
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Patient/Age Description 
at Surgery of Surgery * 
1/9 mo Needling and 
aspiration 
2/2 mo 3 wk Needling and 
aspiration 






Phacoemulsification 
with Peyman 
rotoextraction of 
lens and posterior 
capsule 


3/3 mo 3 wk 






4/4 mo 3 wk Needling and 
aspiration 

5/4 mo 3 wk Douvas rotoextraction, 
anterior vitrectomy 

6/2 mo 1 wk Lensectomy, anterior 
vitrectomy, O'Malley 
vitreous cutter 

7/1 mo 2 wk we 

8/3 mo 2 wk Lensectomy, anterior 
vitrectomy 

9/1 mo 3 wk Pars plana 
lensectomy, anterior 
vitrectomy 

10/22 d Lensectomy, anterior 
vitrectomy 

11/10d Pars plana 
lensectomy, anterior 
vitrectomy 

12/9d Lensectomy, anterior 
vitrectomy 

13/12 d Lensectomy, anterior 


vitrectomy 
14/1 mo 1 wk Lensectomy, anterior 


vitrectomy 


. | Table 2.—Surgical Data 





























Complications Comment 


None 
None 


None 


None 
None 


None 


2° glaucoma Surgery done elsewhere 


None 


None Surgery done in lowa 
City but not by one of 
authors 

None 


None 


None 
None 


None 


* All lensectomies were performed with a vitreous cutting instrument unless otherwise indicated. 


power data and the number of follow- 
up visits required for contact lens and 
amblyopia checkups. The median ini- 
tial contact lens power was +30.00 D, 
with a range of +12.00 to +37.00 D. 
The median change in power during 
the first year of life was —3.50 D, with 
a range of +4.75 to —14.50 D. The 
median contact lens power at the age 
of 2 years was +18.80 D, with a range 
of +12.50 to +29.00 D. The median 
change in contact lens power during 
the second year of life was 4.50 D, with 
a range of 0 to —12.50 D. 

The median number of follow-up 
visits in the first year of therapy was 
15, with a range of eight to 22 visits, 
and the median number of visits per 
year during the entire follow-up peri- 
od was 8.3 visits, with a range from 
four to 15 visits. 

Table 5 summarizes the treatment 
and V/A according to a poor, good, or 
excellent result. Six patients (43%) 
achieved an excellent result, with a 
V/A of equal to or greater than 20/50. 
Their median age at surgery was 17 
days, with a median age at optical 
correction and initiation of patching 
of 24 days of age. All of these patients 
had excellent compliance with both 


contact lenses and patching. Three 
patients (21% ) achieved good results, 
with V/As from 20/60 to 20/100. The 
median age at surgery for this group 
of patients was 6 weeks, with a medi- 
an age at optical correction and onset 
of patching of 12 weeks of age. While 
some of these patients had excellent 
success with contact lens compliance 
or patching therapy, none had excel- 
lent compliance with both regimens. 
Five patients (36% ) had final V/As of 
less than 20/100. This group had sur- 
gery at a median age of 19 weeks and 
was optically corrected and started on 
a regimen of patching at a median age 
of 23 weeks. All of the patients in this 
category had poor compliance with 
contact lens wear, as well as with 
patching therapy. 


COMMENT 


With the advent of improved 
instrumentation and techniques, the 
expectation of an excellent surgical 
outcome can be high in most cases of 
congenital cataracts. The best postop- 
erative management approach, how- 
ever, remains unclear. The depriva- 
tional amblyopia for MCCs is usually 
severe and difficult to monitor. Older 
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PTO until 1 y, unable to maintain FTO, discontinued 
at age 3 y 

PTO for 3 mo; FTO initiated but fixation switch after 
1-mo FTO; fixation preference regained for 
phakic eye after reverse PTO for 1 mo, then FTO 
successfully resumed 


PTO for 2 wk, FTO for 3 y, unavailable for follow-up 
at age 4-6 y 


Poor: numerous periods 
not patching 2-4 wk 


Excellent Excellent 


Good until unavailable 
for follow-up, then 
poor 


Excellent until 
unavailable for 
follow-up, then poor 


Poor: patient 
unavailable for 
follow-up at age 18 
mo, 4 y with no 
patching 


Poor 


FTO for 1 mo followed by PTO, did not obtain 
successful fit of CL until 10 mo of age 


5 PTO, would not tolerate FTO, many episodes of no Poor 


occlusion 


6 PTO until age 2 y, PTO/FTO until age 3 y Excellent 


Poor until age 10 mo, 
then excellent 


J Surgery and amblyopia therapy elsewhere, followed sso scar 
up by authors for glaucoma 


7 
8 FTO for 33 mo, then FTO/PTO Excellent Excellent 


FTO for 2 mo, patching sporadic and discontinued 
at age 3 y due to developmental concerns 
associated with Down's syndrome and hearing 
loss 


PTO for 10 month, FTO until age 4.5 y 
PTO increased from 5-10 h/d during 3.5 y 
PTO for 5 mo, then PTO/FTO ongoing 
PTO until 8.5 mo of age, then FTO ongoing 
FTO until 1 y of age, then FTO/PTO 


Excellent 
Excellent 
Excellent 
Excellent 


Poor: sporadic patching 
for 7 mo in 2nd y of 
life 


Excellent 
Excellent 
Excellent 
Excellent 
Excellent 





*PTO indicates part-time occlusion; FTO, full-time occlusion; and CL, contact lens. 


Table 4.—Changes in CL Power and Frequency of Follow-up Visits * 


Initial CL Power CL Power Change CL Power Change No. of 
CL Power, at Age During ist CL Power at During 2nd Follow-up Visits Average Visits/y 
Patient D tly, D y of Life, D Age 2 y, D y of Life, in 1st y at Therapy During Therapy 


1 +12.00 + 13.50 +1.50 +12.50 —1.00 17 3.8 
2 +20.00 +20.00 0 +20.00 0 22 9.3 
3 +23.25 +28.00 +4.75 +28.00 0 12 7.3 


+14.00 CL and 0 N/A 
+14.00 
eyeglasses 


8, unavailable for 
follow-up 


8, numerous appointments 
missed in ist y 


+17.50 CL and 
+10.00 
eyeglasses 


+24.00 


9 +34.25 +27.00 -ARD +17.50 —9.50 17 7.4 

10 +30.00 +23.00 —7.00 +17.50 —5.50 18 

11 +34.50 +20.00 — 14.50 + 13.50 —6.50 12 8.3 

12 +37.00 +27.00 — 10.00 +17.00 — 10.00 14 9.3 

13 +34.00 +25.00 —9.00 +20.00 —5.00 10 

14 +32.50 +29.00 —3.50 + 16.50 — 12.50 15 
Mean +28.75 +24.81 —3.94 + 19.50 —5.04 


8.9 


Median +30.00 +25.00 —3.50 + 18.80 —4.50 





*CL indicates contact lens; D, diopters. 
tPatient 7: surgery and amblyopia therapy followed up elsewhere; followed up in lowa City for 2° glaucoma. 


studies have usually instituted an choice preferential looking®” or time and personnel required and con- 


arbitrary fixed amount of time per 
day for occlusion therapy until a sub- 
jective response is possible. Recent 
studies suggest the merits of forced- 
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visual evoked responses’ to gauge 
patching effectiveness. However, they 
usually also add the objections to 
these methods, such as the amount of 


sistent overestimation of V/A when 
compared with recognition V/As.**“° 
We. have found traditional fixation 
techniques”* to be effective for fol- 
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Age 


At 
Optical 
Correc- 

tiont 


At 
Diag- 
Patient nosis 


At 
Sur- 
gery 


FTO 
Started 


Birth 11 wk 9 mo 


CL 


Success 


Excellent 


Associated 
Patching Ocular/Systemic 
Success Abnormalities 
Excellent V/A (=20/50) 
Excellent 2-11-75, EUA and 
CL fitting 


Follow- 
up 





15 wk 15 wk Excellent Excellent 1-10-85, 

strabismus 
surgery 

10 16d 22d 29d 10 mo Excellent Excellent 16 PD RXT; 16 PD 3yi1imo 
Rhypo 

— 11 9d 10d 15d 3 y Excellent Excellent None 3.5 y 

12 Birth 9d 15d 5 mo Excellent Excellent 7-7-86, strabismus 3y 
surgery 

13 Birth 12d 19 d 8.5 mo Excellent Excellent Strabismus surgery 2 y 7 mo 








5.4 wk 6.6 wk 






Median 


Birth 9 wk 


Poor until 
10 mo of 
age, then 


for ET 


Good V/A (20/60-20/ 100) 
Excellent 8-14-84, 
strabismus 
surgery 


EY 


excellent 


Birth 6 wk 


14 Birth 5 wk 


lowing up these patients. Binocular 
fixation pattern testing is easily per- 
formed, fast, reliable, and reproduc- 
ible. 

While our patching method varied 
throughout the years of the study, we 
have evolved a fairly aggressive 
approach. Any child who undergoes 
an operation and is optically corrected 
within 28 weeks of age is treated with 
approximately 75% of waking hours 
of patching. After 28 weeks of age, 
FTO is utilized unless a change in 
fixation occurs or until subjective 
acuities are attained. While a change 
in fixation is rare, it was easily 
. detected (patient 2), and reverse 

occlusion was instituted. Full-time 

occlusion is continued until there is no 
improvement in subjective V/A with 


Arch Ophthalmol—Vol 107, Jan 1989 


Excellent 


2° open-angle 
glaucoma; 
5-27-85, 
trabeculectomy 
with sector 
iridectomy and 


anterior segment 
reconstruction 


Poor Opacification of 
anterior hyaloid 
face causing 
poor retinoscopic 
reflex from 
4-5-85 (age, 5 
mo) until 
membranectomy 
on 5-1-85 


2y 





three successive episodes of FTO. One 
episode is defined as a period of time 
equal to one week for each year of life. 
For example, in a 4-year-old child, if 
after three consecutive four-week 
periods of FTO, no change in subjec- 
tive V/A occurred, then FTO would be 
stopped, and maintenance part-time 
occlusion would be initiated for one- 
half waking hours. This is maintained 
until attainment of visual maturity 
and may periodically increase to FTO 
if V/A levels slip. 

A general concern by critics of sur- 
gery for MCC is that only those that 
are actually developmental do well, 
whereas cataracts that are present 
from birth do very poorly. Seven of 
our 14 patients had a visually debili- 
tating cataract diagnosed at birth, 





zatr gr = ESTEI 
< s A 


= — C aaa a 


Last V/A a 
at 600 cm “a 
(Phakic / Aphakic) Comment 5 


20/20- 
20/25, 
Snellen's chart 


Fixation preference t 
switched after 1-mo FTO, A. 
reversed after 5 wk of i 
reversed occlusion half f 
of time 7 

FTO started at 15 wk of 
age and maintained until 
age.2 y 9 mo Z 


20/30-20/30, 
linear E chart 


20/25-20/50, 
linear E chart 

20/40+-20/40 rks l 
linear E chart ~~ 


20/40-20/40 


Without CL for 4 wk at 7 ri 
mo of age | 


20/40-20/50, 
linear E chart 


Had best V/A of 20/40's 


20/25-20/60, l 
(Snellen's chart) ; 


Snellen's chart 


... 720/60, linear 
E chart 


Surgery and amblyopia 
therapy done elsewhere, 
followed up for 2° 
open-angle glaucoma 4 


Parents admitted to little or 
no patching for 7 mo 
during 2nd y of life 


20/40-20/ 100, 
Allen chart 


four were diagnosed by 1 month of 
age, and three were diagnosed by 
more than 2 months of age. Of those 
patients with cataracts diagnosed at a 
birth, three had excellent results and 
three had good results, confirming 
that documented congenital cataracts 
may achieve good visual success. 

The age at surgery, optical correc- 
tion, and onset of patching have been 


advocated as important factors for i 
success.*!!837 Qur study suggests y 
similar findings. There was a direct 2 


correlation with the median age at 
surgery and optical correction, and 
the visual success. Those patients 
with excellent results had a.median 
age at surgery of 17 days and median 
age of 24 days for optical correction 
and initiation of patching, while those 
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Table 5.—Achievement of V/A in Patients * (cont) 


At 
Diag- 
nosis 


Sur- FTO 


gery 


At Optical 
Patient 


Mean 20.25 wk 24 wk 






Median 


Correctiont Started 


Good until 


Associated 
CL Patching 


Success Success Abnormalities 


Poor V/A (<20/ 100) 

Poor Optic nerve 
dysplasia, ET, 
chronic 
angle-closure 
glaucoma; 
5-29-74, 


membranectomy; 


8-18-77, 
strabismus 


surgery; 3-20-85, 


trabeculectomy 


Excellent 
until unavail- 
able for 
follow-up, 
then poor 


unavail- 
able for 
follow-up, 
then poor 





Down’s syndrome, 


Ocular/Systemic 


Last V/A 
Follow- at 600 cm 


Comment 


up (Phakic /Aphakic) 


Chronic 
angle-closure 
glaucoma with 
optic nerve 
damage 


13 y 20/20-CF, 


Snellen’s chart 


5y9 20/25-20/200, 
mo Snellen’s chart 


Unavailable for 
follow-up at 
age 4-6 y, 
best V/A 
20/80 (age, 4 
y) (Snellen's 
chart) 


Continuous 
noncompliance 
with amblyopia 
therapy, 
unavailable for 
follow-up from 
1.5-4 y with no 
amblyopia 
therapy 


Continuous 
intolerance to 
CL fit, long 
periods of 
noncompliance 
with patching 


Amblyopia 


4y2 20/30-1/200, 
mo Snellen’s chart 


3y10 20/40-20/200 
mo linear E chart 


3y9 CUSM/UCUSUM 





severe hearing 
loss, 
Hirschsprung’s 
disease, 
congenital jerk 


nystagmus, optic 
nerve hypoplasia, 


mo mental status 
prevented 
obtaining 
recognition 
acuity 


therapy 
abandoned 
early because 
of associated 
abnormality 
and severe 
developmental 


40-50 PD ET 






delay, afferent 
pupillary defect 
not 
documented 


*V/A indicates visual acuity; FTO, full-time occasion; CL, contact lens; EUA, examination with patient under anesthesia; RXT, right exotropia; Rhypo, right hypotropia; 


ET, esotropia; CUSM, central, unsteady, and maintained; and UCUSUM, uncentral, unsteady, and unmaintained. 


tAmblyopia therapy started. 


patients with good or poor results 
were progressively older. However, 
the age at surgery of the patients with 
excellent acuity and those with good 
acuity showed considerable overlap 
(age range, 9 days to 14 weeks vs 5 
weeks to 9 weeks, respectively), mak- 
ing it impossible to separate the 
groups based on this factor. The oldest 
age at which optical correction is con- 
sistent with good or excellent V/A is 
not known. In the current study, the 
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oldest age at which a patient was 
optically corrected and achieved 
excellent V/A (=20/50) was 17 weeks 
of age (patient 2). The oldest age at 
which optical correction allowed 
development of good V/A (=20/100) 
was 17 weeks of age (patient 3). This 
suggests that deprivational ambly- 
opia due to MCC may be reversed as 
late as at 4 months of age in some 
human infants. 

Another factor of major importance 


to a successful visual result is the 
compliance with an effective optical 
correction and patching program. All 
patients who had excellent compli- 
ance had an excellent result. Poor 
compliance with either contaet lens 
wear or patching therapy was associ- 
ated with only good visual results, 
whereas poor compliance with both 
contact lens and patching therapy 
gave uniformly poor results. The abil- 
ity to achieve excellent compliance 
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may be related to an earlier age at 
surgery. 

The family members must be 
informed, in detail, of the dedication 
to follow-up required. In this study, a 
median of 15 follow-up visits were 
required in the first year. The family 
members must realize that patching 
therapy will be necessary for six to 
nine years, and during that time, 
numerous changes in contact lenses 
and glasses will be required. We advo- 
cate maintaining the refraction at 
+2.50 D overcorrected until 18 months 
of age at which time safety bifocal 
glasses are prescribed. We advocate 
maintaining aphakic spectacles of 
appropriate power available in the 
event that contact lens problems of 
loss or intolerance develop so that 
patching therapy can be continued 
until contact lens wear is resumed. 
Several recent reports detail the fit- 
ting and management of the silicone 
soft contact lens,***° which is the lens 
most often fit by us. All of these 
reports point out the ease of fit and 
insertion of the lenses, low rate of 
loss, and excellent tolerance by the 
pediatric eye. With good parental 
motivation and frequent follow-up 
checkups, this has been our experi- 
ence. We achieved excellent V/A in 
43% of our population, and overall, 
64% achieved good or excellent V/A. 
Of the five patients who achieved poor 
V/A, one underwent an operation 
very late at 9 months of age, and one 
had numerous ocular and systemic 
abnormalities, including optic nerve 
hypoplasia, nystagmus, and Down’s 
syndrome. A further patient (patient 
3) attained 20/80 Snellen’s acuity 
before being unavailable for follow-up 
at the age of 4 years. If these patients 
are not considered, good or excellent 
acuity was achieved in 86%. 

We believe that the earlier FTO can 
be safely initiated, the greater the 
chances of excellent V/A. However, 
the initiation of FTO within the sensi- 
tive period of visual development may 
run the risk of irreversible occlusion 
amblyopia in the phakic eye. Patient 8 
had FTO initiated at 15 weeks of age 
and maintained until 3 years of age. 
After 5% years of follow-up, the E 
game acuity has been 20/30, phakic 
and aphakic. This level of phakic acu- 
ity may represent a mild degree of 
occlusion amblyopia. We have tenta- 
tively and empirically chosen 7 
months of age as the earliest time to 
initiate FTO therapy. Part-time occlu- 
sion of 50% to 75% of the waking 
hours is advocated before 7 months of 
age. 

We believe the modalities of visual 
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evoked potential or grating acuity 
estimation are useful in monitoring 
amblyopia therapy but not essential 
in the management of MCC. 


CONCLUSIONS 


Excellent V/A results are possible 
with MCCs using traditional clinical 
tools for management. To achieve 
this, however, several obstacles must 
be overcome. The cataract surgery, 
optical correction, and patching ther- 
apy must be accomplished at as young 
an age as possible. From our data, one 
could achieve these goals consistently 
by 4 months of age; in two cases, these 
goals were achieved at as late as 17 
weeks of life, and a better than 20/100 
V/A was still attained. The age at 
optical correction and compliance 
with the postoperative regimen 
seemed to be the most closely related 
factors to final V/A results. Once the 
patient has begun this postoperative 
regimen, every effort must be made 
to attain parental cooperation to com- 
ply with the therapy until visual 
maturity. 


This study was supported by a fellowship from 
the R. S. McLaughlin Foundation of Canada, 
Edmonton (Dr Drummond). 
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Ocular Manifestations of the 


Congenital Varicella Syndrome 


Scott R. Lambert, MD; David Taylor, FRCS, FRCP; Anthony Kriss, PhD; 
Helen Holzel, MSeMD, MRCPath; Shelley Heard, PhD, MRCPath 


@ Three children developed the con- 
genital varicella syndrome following a 
maternal varicella infection during the 
second trimester of pregnancy. Systemic 
findings included a bulbar palsy, mild 
hemiparesis, cicatricial skin lesions, 
developmental delay, and learning diffi- 
culties. Ocular findings included chorio- 
retinitis, atrophy and hypoplasia of the 
optic discs, a congenital cataract, and 
Horner’s syndrome. Electroretinograms 
and pattern-reversal visual-evoked poten- 
tials recorded from the four eyes with 
chorioretinitis were attenuated and 
degraded. Two of the children had been 
misdiagnosed as having congenital toxo- 
plasmosis. Chorioretinal scars probably 
occur more frequently with the congenital 
varicella syndrome than has been previ- 
ously recognized and should be included 
in the differential diagnosis of congenital 
chorioretinal scars. Hypoplasia of the 
optic disc may develop after an intrauter- 
ine varicella infection during the 16th 
week of gestation. Children with the con- 
genital varicella syndrome should be 
examined by an ophthalmologist to 
exclude ocular abnormalities. These 
abnormalities are often subtle and diffi- 
cult to diagnose correctly. 

(Arch Ophthalmol 1989; 107:52-56) 


Mhe stigmata of the congenital vari- 

cella syndrome include atrophic 
limbs, cicatricial skin lesions, cerebral 
atrophy, seizures, low birth weight for 
gestational age, neuropathic bladder, 
cataracts, chorioretinitis, and Horn- 
er’s syndrome.'” Although a recent 
prospective study reported serologic 
or clinical evidence of an intrauterine 
varicella infection in 24% of the off- 
spring of women with varicella infec- 
tions during pregnancy," most reports 
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have emphasized the rarity of the 
congenital varicella syndrome.''* The 
prevalence of ocular abnormalities 
after an intrauterine varicella infec- 
tion is not known since prospective 
studies of intrauterine varicella infec- 
tions have not included ophthalmos- 
copy as part of their routine assess- 
ment. 

Three children developed the con- 
genital varicella syndrome following 
second-trimester intrauterine varicel- 
la infections. All of the children had 
ocular abnormalities that were para- 
mount in the recognition of the syn- 
drome. Many of these ocular findings 
were either misdiagnosed or not 
detected during previous examina- 
tions. 


PATIENTS AND METHODS 


A complete physical and ophthalmic 
examination was performed on each of the 
patients by one of us (S.R.L.). Electrore- 
tinograms were recorded in a darkened 
room. Flash stimulation was delivered by a 
photic stimulator (Grass PS22) (3/s, set- 
ting 4, peak intensity 4.75 X 10° lumens). 
The lamp was placed 25 cm from the 
patient’s eye and only a white flash was 
used. Responses (128 per run) were aver- 
aged using a sensor (Medelec). Both flash 
and pattern-reversal visual evoked poten- 
tials (VEPs) were recorded from each 
patient. A range of checkerboard stimuli 
subtending between 7° and 25 minutes of 
arc were presented on a large television 
screen (28 X 20°). Retinal responses were 
recorded using silver/silver chloride elec- 
troencephalogram electrodes placed on the 
lower eyelids. In two children, VEPs were 
recorded from two electrodes, one placed 
on the inion and another 3 cm above the 
inion. All active electrodes were referred to 
a midfrontal reference (F,, International 
10-20 System). In the third child, who was 
suspected of having a hemispheric lesion, 
three electrodes (4 cm apart) were placed 
across the occipital scalp. 

Varicella, herpes simplex, and cytomeg- 
alovirus IgG antibodies were tested in the 
same laboratory using complement fixa- 
tion.’ A radioimmunoassay was subse- 
quently performed on the serum samples 
for varicella IgG. Varicella IgM was 
investigated using an enzyme-linked 
immunoassay. Rubella antibodies were 
tested using hemagglutination inhibition. 
The Sabin-Feldman dye test at a 1:4 serum 
dilution and the toxoplasmosis latex agglu- 


tination test (Diamed Diagnostics Ltd, 
United Kingdom) were both used to evalu- 
ate the serum samples for antibodies 
against toxoplasmosis.” 


REPORT OF CASES 


CasE 1.—A 6-week-old male infant was 
referred to The Hospital for Sick Children, 
London, with feeding difficulties and a 
chorioretinal scar in the right eye. The 
child weighed 2634 g when he was born at 
39 weeks’ gestation. The mother had had a 
severe varicella infection during the 16th 
week of pregnancy. Her physician made 
the diagnosis of varicella on clinical 
grounds during the acute stage of her 
illness. The mother had not had a previous 
varicella infection. There was no family 
history of congenital anomalies, and no 
medications were taken during the preg- 
nancy. The infant was admitted to a local 
hospital when he was 9 days old for an 
investigation of feeding difficulties and 
failure to thrive. Direct laryngoscopy and 
pharyngoscopy revealed weakness of the 
left vocal cord and hypopharynx. A chori- 
oretinal scar was noted in the right eye 
that was attributed to congenital toxoplas- 
mosis. 

When examined at The Hospital for Sick 
Children, his vision was central, steady, 
and maintained in the right eye, but vision 
in the left eye was unsteady and not cen- 
tral or maintained. Ductions and versions 
were normal. Horner’s syndrome was diag- 
nosed in the left eye, with 2 mm of ptosis 
and 1 mm of miosis (Fig 1). An afferent 
pupillary defect was not detected. The 
anterior segments and the right fundus 
were normal. There was a heavily pig- 
mented chorioretinal scar with surround- 
ing atrophy in the left macula (Fig 2) and 
moderate hypoplasia of the left optic disc 
(Fig 3). The remainder of the left fundus 
was normal. 

The b wave of the skin electroretinogram 
following flash stimulation of the right eye 
measured 25 uV at 40.8 ms and 20.4 nV at 
43.2 ms for the left eye. These values were 
within normal limits for the laboratory 
(2.5 SDs absolute limits of normality for b 
wave: latency, <47 ms; amplitude, >6 uV). 
However, a marked interocular difference 
in the VEPs was evident following pattern 
reversal to a 50-minute checkerboard pat- 
tern. The P100 component measured 18.5 
uV at 110 ms for the right eye and 7.2 nV at 
184 ms for the left eye. The amplitude and 
latency values for the right eye responses 
were within normal limits, but those for 
the left eye were consistently delayed (2.5 
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Fig 1.—Patient 1 with Horner’s syndrome 
(miosis and ptosis) in left eye. Nasogastric 
feeding tube is necessary due to impaired 
deglutition. 





Fig 2.—Chorioretinal scar in macula of left 
eye in patient 1. Scar is pigmented centrally 
with surrounding zone of chorioretinal atro- 
phy. 





Fig 3.—Left optic disc of patient 1. Temporal 
half of optic disc is markedly hypoplastic 
(arrows delineate borders of disc). 


SDs upper limit of normal, <115 ms) and 
attenuated compared with the fellow eye 
(2.5 SDs lower limit for interocular ampli- 
tude difference, 10 nV) (Fig 4). 

Results of the physical examination 
were otherwise unremarkable except for 
several cicatricial skin lesions on the 
infant’s shoulder and difficulty with deglu- 
tition. Computed tomographic and mag- 
netic resonance imaging scans of the head 
were normal. No abnormalities were noted 
on barium swallow examination. 

Varicella IgG antibodies were present at 
a titer of 1:16 in the infant and at 1:32 in 
the mother. Varicella IgM antibodies were 
absent (Table). Cytomegalovirus and 
rubella IgG antibodies were present, 
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Fig 4.—Electroretinograms of left and right eye to flash stimulation (upper traces) and 
pattern-reversal visual evoked potentials (VEPs) (lower traces). Responses are of cases 1 and 3 
in left and right eyes, respectively. Note negativity upward for both electroretinogram and VEP 
traces. Pattern VEPs from left eye were consistently delayed in both patients. Arrows point to 


P100. 


reflecting a passive transfer of maternal 
antibodies, but IgM antibodies were 
absent. Results of a toxoplasmosis dye test 
and a latex agglutination test were nega- 
tive. Viral cultures obtained from the 
throat, urine, and stool were negative for 
varicella. When the infant was retested at 
8 months of age, varicella IgG antibodies 
persisted at a titer of 1:8. 

The right eye of the infant has been 
occluded parttime, and when he was last 
examined at 10 months of age, his left eye 
had central and steady vision that was not 
maintained. 

CasE 2.—A 10-month-old female infant 
with a cataract in the left eye and hemi- 
paresis of the left side was referred to The 
Hospital for Sick Children for evaluation. 
She weighed 2900 g when she was born at a 
gestational age of 37 weeks. The mother 
had had a severe varicella infection during 
the 16th week of the pregnancy. The diag- 
nosis of varicella was made on clinical 
grounds by her physician during the acute 
phase of her illness. She had not had a 
varicella infection previously. Two other 
children in the family also had varicella 
infections concurrently. There was no fam- 
ily history of congenital abnormalities, 
and she had not taken any medications 
during the pregnancy. 

The mother noted a white reflex in the 
pupil of her daughter’s left eye at 4 months 
of age. A cataract in the left eye and mild 
hemiparesis of the left side were diagnosed 
at a local hospital. On examination at The 
Hospital for Sick Children, she had central 
but not steady or maintained vision in the 
right eye. No visual responses could be 
elicited from the left eye. A manifest latent 


nystagmus was present in all positions of 
gaze. The pupils were both 3 mm. The left 
pupil had 330° of posterior synechiae. 
There was a 30-prism diopter esotropia of 
the left eye. Ductions and versions were 


normal. The right eye was emmetropic.: 


The right corneal diameter was 12 mm, 
and the left corneal diameter was 11 mm. 
The intraocular pressure was 10 mm Hg in 
both eyes. The right lens was clear, while 
the left lens had a mature white cataract 
with posterior synechiae. The right fundus 
had multiple heavily pigmented chorioreti- 
nal scars with depigmented lacunae along 
their margins inferiorly (Fig 5) and a small 
chorioretinal scar superiorly. The macula 
and retinal vessels appeared normal. The 
optic disc was moderately atrophic. Ultra- 
sonography of the left eye revealed a 
microphthalmic eye with a calcified cata- 
ract and an inferior retinal detachment. 

The electroretinogram and VEP re- 
sponses from the left eye were barely 
detectable to flash stimulation. The elec- 
troretinogram recorded from the right eye 
had normal morphologic features, and the 
amplitude and latencies of the a- and 
b-wave components were within normal 
limits for our laboratory. The flash VEP 
was markedly attenuated, degraded, and 
asymmetrical across the occipital region, 
suggestive of a homonymous hemianopia. 
The latency for the major positivity was 
normal (99 ms). A pattern-reversal VEP 
could not be recorded from the right eye 
even with checks subtending 7°. 

Physical examination revealed a left 
hemiparesis but no cicatricial skin lesions. 
A computed tomographic scan demon- 
strated atrophy and porencephaly of the 
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Gestational Age 
at Exposure, wk 


Patient No. 


Clinical Evidence 
of Infection 


Chorioretinitis, Horner’s syndrome, optic nerve 
hypoplasia, cicatricial skin lesions, and 
palatal weakness 


Chorioretinitis, microphthalmos, cataract, optic 
disc atrophy, hemiparesis, developmental 
delay, and cerebral atrophy 


Chorioretinitis, cicatricial skin lesions, and 
psychomotor retardation 





Fig 5.—Chorioretinal scar in inferior half of 
fundus of patient 2. Scar is heavily pigmented 
with lacunae of chorioretinal atrophy along its 
inferior margins. 





Fig 6.—Axial computed tomographic scan 
demonstrating atrophy and porencephaly of 
right parieto-occipital region. Left hemisphere 
is normal. 


right parieto-occipital region (Fig 6). Her 
general development has been substantial- 
ly delayed. 

Varicella IgG antibody titers were 
present in both the patient and her mother 
at a titer of 1:8. Varicella IgM antibodies 
were equivocal in the infant (Table). IgG 
antibodies were absent against herpes sim- 
plex, cytomegalovirus, and rubella. Results 
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Fig 7.—Chorioretinal scar in left macula of 
patient 3. Edges of scar are deeply pigmented 
while center is depigmented. 


of the toxoplasmosis dye test and latex 
agglutination test were negative. 

Case 3.—A 5-year-old girl with a chori- 
oretinal scar in the left eye was referred to 
The Hospital for Sick Children. She was 
born after a full-term pregnancy and had a 
birth weight of 3480 g. The mother had had 
a varicella infection during the 24th week 
of pregnancy. Her physician diagnosed a 
varicella infection on clinical grounds dur- 
ing the acute phase of the illness. She had 
not had a varicella infection previously. 

When she was 6 months old, the infant 
developed esotropia of the left eye that was 
corrected surgically at a local hospital 
when she was 3 years old. During the 
preoperative evaluation, a pigmented cho- 
rioretinal scar was noted in the macula of 
her left eye. The scar was attributed to 
congenital toxoplasmosis based on its clin- 
ical appearance. Her general development 
was slower than that of a younger sibling, 
and she was having learning difficulties at 
school. She had not had a symptomatic 
varicella infection during childhood. 

When she was examined at The Hospital 
for Sick Children, her best corrected visual 
acuity was 6/4 OD and 6/60 OS. A relative 
afferent pupillary defect was present in 
the left eye. She was orthotropic. The 
anterior segment in both eyes was normal. 
The fundus in the right eye was normal, 
but the fundus in the left eye had a heavily 
pigmented chorioretinal scar in the macula 
with a depigmented center (Fig 7). The 
remainder of the fundus in the left eye, 
including the optic disc, was normal. 

Flash stimulation of each eye gave reti- 
nal responses with normal latencies and 
amplitudes. The b-wave amplitude in the 
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IgG, 1:16; IgM, absent IgG, 1:32 


IgG, 1:8 


IgG, 1:8 and IgM, equivocal IgG, 1:8 


IgG, 1:32 and IgM, absent 





left eye was conspicuously smaller than 
that in the right eye (amplitude, 20 uV in 
the left eye and 42.4 uV in the right eye) 
and the interocular amplitude ratio (2.12) 
was under 2.7, the 2.5 SDs point of signifi- 
cance for our laboratory. The pattern- 
reversal P100 component (8.3 uV at 118 ms) 
for the left eye was significantly delayed 
(2.5 SDs upper limit of normal for latency, 
115 ms). The P100 component for the right 
eye measured 13.4 uV at 111 ms, which was 
within the normal limits for our laborato- 
ry (Fig 4). 

A general examination gave unremarka- 
ble results except for multiple cicatricial 
skin lesions on the trunk and legs that had 
been noted by the parents since birth. 

The varicella IgG titer was 1:32. Varicel- 
la IgM antibodies were absent (Table). The 
rubella IgG titer was greater than 15 IU. 
Results of the toxoplasmosis dye and latex 
agglutination tests were negative. Serolog- 
ic findings for cytomegalovirus were also 
negative. 


COMMENT 


Three children had the congenital 
varicella syndrome. All had detect- 
able IgG antibodies to varicella, 
despite the absence of clinical mani- 
festations of a varicella infection dur- 
ing childhood. All three mothers 
developed primary varicella infec- 
tions during the second trimester of 
pregnancy. Although serologic tests 
were not performed on the mothers 
during the acute phase of their ill- 
nesses, each was examined by a physi- 
cian who confirmed the diagnosis of 
varicella on the basis of their clinical 
histories and the appearance of their 
rashes. Varicella has a distinctive 
papulovesicular rash that is rarely 
misdiagnosed. In addition, two older 
siblings of patient 2 had varicella 
infections concurrently with their 
mother. 

Patient 1 had persisting IgG anti- 
bodies to varicella detectable at 2 and 
8 months of age. Varicella IgM anti- 
bodies were absent. The persistence of 
IgG antibodies supports the diagnosis 
of an intrauterine varicella infection. 
Patient 2 had persisting IgG anti- 
bodies to varicella and equivocal IgM 
antibodies at 10 months of age, which 
strongly supports the serologic diag- 
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nosis of varicella. Patient 3 had 
detectable varicella IgG antibodies 
when tested at 5 years of age. She had 
not had a symptomatic varicella infec- 
tion during childhood to account for 
her antibodies against varicella. 
While we cannot absolutely exclude 
the possibility that she had an asymp- 
tomatic varicella infection, this is 
unlikely since varicella is rarely 
asymptomatic. The failure to detect 
unequivocally IgM antibodies in any 
of these children is not surprising 
given the length of time that had 
elapsed from the onset of the intra- 
uterine infection until the IgM anti- 
bodies were tested. IgM antibodies 
were not assayed until seven months 
after the maternal infection (two 
months after birth) for patient 1 and 
15 months (ten months after birth) 
for patient 2. Others have been unable 
to detect varicella IgM antibodies in 
neonates following intrauterine vari- 
cella infections during the first and 
second trimesters of pregnancy.” 

The congenital varicella syndrome 
was first described by Laforet and 
Lynch! in a child following a maternal 
varicella infection during the first tri- 
mester of pregnancy. The child had 
cicatricial skin lesions, chorioretin- 
itis, a hypoplastic leg, cortical atro- 
phy, and psychomotor retardation. 
Other common manifestations of the 
syndrome include seizures, neuro- 
pathic bladder, Horner’s syndrome, 
and cataracts.*'° One report stated 
that 80% of children with the congen- 
ital varicella syndrome have hypoplas- 
tic limbs, and 68% die during infancy." 
Milder forms of the syndrome have 
seldom been reported.’ None of the 
children in our study had hypoplastic 
limbs or a seizure disorder. All three 
survived the neonatal period, although 
patient 1 required a nasogastric tube 
for feeding due to a bulbar palsy. 
Patient 2 had mild hemiparesis, 
delayed development, and a hemian- 
opic visual field defect. Patient 3 had 
no specific neurologic abnormalities 
but was slower than her sibling in her 
psychomotor development. Patients 1 
and 3 also had subtle cicatricial skin 
lesions that had been present since 
birth. All three patients had choriore- 
tinal scarring. A variety of other ocu- 
lar abnormalities were present that 
included hypoplasia and atrophy of the 
optic discs, a congenital cataract, and 
Horner’s syndrome (Table). 

Many of the manifestations of the 
congenital varicella syndrome were 
subtle in our patients and had been 
overlooked during previous examina- 
tions or attributed to another cause. 
Although prospective studies of the 
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offspring of mothers contracting vari- 
cella infections during pregnancy 
have reported a low incidence of the 
congenital varicella syndrome, it is 
possible that subtle features of the 
syndrome, such as chorioretinitis, cic- 
atricial skin lesions, optic disc hypo- 
plasia, and Horner’s syndrome, were 
overlooked.'''* Ophthalmoscopy has 
not been performed as part of the 
routine evaluation of children exposed 
to intrauterine varicella infections in 
most prospective studies.'' The cica- 
tricial skin lesions in patients 1 and 3, 
the Horner’s syndrome and optic disc 
hypoplasia in patient 1, and the chori- 
oretinitis and optic disc atrophy in 
patient 2 had not been noted before 
our examination, even though each 
had been previously examined by an 
ophthalmologist, a pediatrician, and a 
pediatric neurologist. 

Chorioretinal scarring is commonly 
seen after intrauterine rubella,'* toxo- 
plasmosis,'’® and syphilis infections.” 
It also may be observed less frequent- 
ly after intrauterine herpes simplex”! 
and cytomegalovirus infections.” Al- 
though the retinopathy occurring 
after intrauterine rubella infections 
has a distinctive mottled appearance, 
other forms of congenital chorioreti- 
nitis are difficult to distinguish by 
appearance alone. Varicella chorioret- 
initis should be included in the differ- 
ential diagnosis of congenital chorio- 
retinal scarring. When evaluating a 
child with chorioretinal scarring, the 
mother should be asked if she had a 
varicella infection during her preg- 
nancy with the child. 

Our patients had deeply pigmented 
chorioretinal scars with surrounding 
areas of depigmentation in two 
instances and a depigmented center in 
the third instance. A fourth eye also 
had evidence of chorioretinal scarring 
by ultrasonography, but a cataract 
precluded direct visualization of the 
fundus. The lesions were quite vari- 
able in size. Patients 1 and 3 only had 
a single macular lesion in one eye, 
while patient 2 had bilateral choriore- 
tinal involvement with multiple 
lesions in the fundus of the right eye 
and an inferior retinal detachment in 
the left eye. The preferential involve- 
ment of the maculas in patients 1 and 
3 was similar to congenital toxoplas- 
mosis chorioretinitis; however, the 
toxoplasmosis dye and latex aggluti- 
nation test results were negative in all 
three patients. The chorioretinal scar- 
ring was quiescent when the patients 
were initially examined and has 
remained so. In contradistinction, 
congenital toxoplasmosis may be 
associated with an active chorioretini- 


tis at birth or after a recrudescence of 
the chorioretinitis. Although we do 
not have histopathologic proof that 
the retina was infected by the varicel- 
la-zoster virus in any of the children 
in our study, the varicella serologic 
findings and the clinical histories of 
our patients support this diagnosis. 

The electroretinograms of the two 
eyes in our study without chorioreti- 
nal scars were normal. The electroret- 
inograms of the four eyes with chori- 
oretinal scars were attenuated and de- 
graded to varying degrees. Eyes with 
“macular colobomas” have been 
reported to have attenuated electro- 
retinograms.” Patient 1 had markedly 
attenuated and degraded flash and 
pattern-reversal VEPs from the af- 
fected eye. The poor VEP responses 
probably stem from the macular scar, 
the hypoplastic disc, and amblyopia in 
this eye. Patient 2 had an attenuated 
VEP response in both eyes. The ab- 
normal VEP recorded from the right 
eye reflects the optic nerve atrophy in 
this eye. The poor electroretinogram 
and VEPs recorded from the left eye 
were likely a sequelae of the retinal 
detachment in this eye. The abnormal 
pattern-reversal VEPs in the left eye 
of patient 3 reflect the macular scar 
and amblyopia in this eye. 

Although primary varicella infec- 
tions after the intrauterine period 
have not been reported to result in 
chorioretinitis, recent reports have 
implicated the varicella-zoster virus 
as the etiologic agent for acute retinal 
necrosis—a panuveitis with an associ- 
ated necrotizing retinitis.“* Herpes 
varicella-zoster virus has been histo- 
pathologically identified in segments 
of the retina from several patients 
with acute retinal necrosis,“ and in 
some instances the retinal necrosis 
has been noted to occur after an epi- 
sode of herpes zoster ophthalmicus.” 
Fetuses are known to have poorly 
developed cell-mediated immunity, 
which may predispose them to chori- 
oretinitis after an intrauterine vari- 
cella infection. 

The varicella-zoster virus is a neu- 
rotropic virus and often preferentially 
infects the nervous system. Children 
with the congenital varicella syn- 
drome frequently have neurotropic 
bladders, Horner’s syndrome, cicatri- 
cial skin lesions in a dermatomal dis- 
tribution, and seizures? The 
creased prevalence of these abnormal- 
ities in children with the congenital 
varicella syndrome probably occurs 
secondary to the high affinity of the 
varicella-zoster virus for the nervous 
system. All of the patients in our 
study had abnormalities of the ner- 
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_ vous system. Patient 1 had a Horner’s 
syndrome, a bulbar palsy, and optic 
nerve hypoplasia. Patient 2 had atro- 
phy of the right optic disc and parieto- 
occipital region, a hemiparesis, and 
hemianopia. Patient 3 had learning 
difficulties and psychomotor retarda- 
tion. 

Optic nerve hypoplasia has not been 
previously reported to occur in associ- 
ation with the congenital varicella 
syndrome. Although the pathogenesis 
of optic nerve hypoplasia is not well 
understood, most authorities believe 
it results from an excessive dying 
back of retinal ganglion cell axons 
early in embryogenesis.” A wide 
range of insults have been implicated, 
including various medications,” illicit 
drugs,” and infections.” Other central 
nervous system and ocular anomalies 
are frequently associated with optic 
nerve hypoplasia.” 

Macular colobomas or dysplasias 
have been reported to be associated 
with hypoplasia of the temporal half 
of the optic dise.**! Axons from the 
macula form the papillomacular bun- 
dle that enters the disc on its tempo- 
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ral margin. Destruction of the papillo- 
macular bundle after birth results in 
pallor of the temporal border of the 
disc. Destruction of the papillomacu- 
lar bundle during embryogenesis may 
result in hypoplasia of the temporal 
half of the optic disc. Presumably, 
patient 1 developed optic nerve hypo- 
plasia in the left eye secondary to the 
loss of axons in the papillomacular 
bundle from an intrauterine varicella 
infection. Although abnormalities of 
the central nervous system may also 
be associated with optic nerve hypo- 
plasia, patient 1 had normal computed 
tomographic and magnetic resonance 
imaging scans of the head. 

It is usually difficult to identify the 
point in development that an in utero 
insult has occurred in a patient with 
optic nerve hypoplasia. It seems likely 
that patient 1 developed a macular 
scar and optic nerve hypoplasia in the 
left eye secondary to an intrauterine 
varicella infection during the 16th 
gestational week, given the positive 
varicella serologic findings in the 
infant and the clinical history of the 
mother. A few reports have suggested 
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that optic nerve hypoplasia may occur 
after in utero insults during the sec- 
ond trimester of pregnancy,” but most 
reports have attributed optic nerve 
hypoplasia to an event occurring ear- 
lier in embryogenesis.” Although 
patients 1 and 3 had similar-appear- 
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optic nerve hypoplasia (Figs 3 and 7). 
This finding suggests that optic nerve 
hypoplasia may develop if an insult 
occurs during the 16th week of gesta- 
tion but not after a similar insult 
during the 24th week of gestation. 
Most likely, patient 2 had atrophy of 
the right optic disc secondary to 
transynaptic degeneration of the reti- 
nal ganglion cell axons.* 

Five percent to 16% of women of 
child-bearing age are susceptible to 
varicella.” Although a vaccine for 
varicella is available, it has only been 
used on a limited basis and is still 
undergoing testing.” Until varicella 
vaccination gains wide acceptance, 
varicella infections will continue to 
occur during pregnancies, occasional- 
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abnormalities. 
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Tonic Upgaze in Infancy 


A Report of Three Cases 


James C. Ahn, MD; William F. Hoyt, MD; Creig S. Hoyt, MD 


@ Episodic conjugate tonic upgaze 
unassociated with seizures or downgaze 
palsy was noted in three infants during 
the first months of life. With age, the 
episodes became shorter and less fre- 
quent and were most notable during peri- 
ods of fatigue or illness. This phenome- 
non may be analogous to transient tonic 
downward deviation of the eyes in healthy 
infants. 

(Arch Ophthalmol! 1989; 107:57-58) 


ransient supranuclear distur- 

bances of gaze occur in healthy 
infants. In a study of 242 consecutive- 
ly examined newborns, 35 showed ton- 
ic downward gaze, skew deviation, or 
opsoclonus.! Daroff and Hoyt? men- 
tioned having seen one infant with 
“tonic-clonic (upward) oculogyric epi- 
sodes.” The report herein describes 
three additional infants with episodic 
tonic upward gaze. 


REPORT OF CASES 


Case 1.—An 8-month-old female infant 
began to have episodes of upgaze deviation 
of the eyes that were noted by her parents 
during her first month of life. She was a 
full-term infant who weighed 3232 g at 
birth; her Apgar scores at one and five 
minutes were 8 and 9. Her height, weight, 
and neurologic development have pro- 
gressed normally, and she has no history of 
seizures. The parents noted that her eyes 
were in the upgaze position for 70% to 80% 
of her waking hours. The episodes were 
least noticeable after morning naps. 
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Fig 1.—Case 1. Tonic upgaze without evidence of seizure activity. Infant is not in distress. 





Fig 2.—Case 1. Infant can bring his eyes down to look at object. | 
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The patient was alert and active during 
our examination. Her visual fixation was 
central and maintained when attending to 
objects. She sometimes took a chin-down 
position to fixate on an object straight 
ahead. With inattention, there was a slow- 
phase upward drift of the eyes with inter- 
mittent downward saccades; there was no 
eyelid retraction, facial grimacing, crying, 
abnormal movements of body or extremi- 
ties, or loss of consciousness during these 
episodes (Fig 1). Rotation, flexion, and 
extension of the head demonstrated nor- 
mal horizontal eye movements and normal 
horizontal and vertical vestibulo-ocular 
responses. The pupils were equal, round, 
and reacted well to light. The optic discs 
were of normal size, and the maculae were 
clear. Magnetic resonance scans of the 
head at age 6 months and an electroen- 
cephalogram at age 7 months, during 
which the patient had episodes of tonic 
upgaze, were normal. 

At the age of 33 months, the patient had 
shorter, less frequent episodes of upgaze 
deviation lasting 10% to 20% of her wak- 
ing hours. The episodes were exacerbated 
by illness. 

Case 2.—An 18-month-old male infant 
with episodic conjugate upward gaze was 
referred to us by a pediatrician and a 
pediatric neurologist who were evaluating 
him for failure to thrive and developmen- 
tal delay. He was a full-term infant who 
weighed 2750 g at birth. The patient had 
nursed well and gained weight adequately 
in the first two months of life. The blood 
cell count, urine metabolic screen, and 
thyroid function studies gave normal 
results. Computed tomography of the head 
showed no abnormalities, and there was no 
history of seizures. The parents had noted 
an episodic conjugate upward gaze since 
the infant’s first month of life. 

During the neuro-ophthalmic examina- 
tion, the patient appeared alert and active. 
His visual fixation was central and main- 
tained in both eyes, and he followed objects 
easily in all directions. There was no stra- 
bismus. When not attending to a visual 
target, the patient’s gaze would intermit- 
tently deviate upward. He could easily look 
down when a new target was presented in 
the lower visual field (Fig 2). There were 
no associated facial or body movements. 
He sometimes assumed a chin-down posi- 
tion to look straight ahead with the eyes in 
upward deviation. His vestibulo-ocular 
responses and horizontal gaze control were 
normal. The ocular media were clear, and 
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the optic discs and the maculae were nor- 
mal. 

By the age of 35 months, the patient’s 
height and weight were approximately in 
the tenth percentile. His parents were both 
under the tenth percentile in height. Den- 
ver Developmental Screening Test showed 
the patient to be appropriate for age in 
personal-social, fine motor-adaptive, lan- 
guage, and gross motor skills. Follow-up 
ophthalmic examination at the age of 41 
months showed only occasional episodes of 
upgaze. 

Case 3.—A 4-month-old female infant 
had been delivered by cesarean section at 
37 weeks of pregnancy because an older 
sibling was born with thrombocytopenia 
due to platelet antibodies in the mother. 
Over the first 48 hours, the infant’s plate- 
let count rose from 52 to 93 X 10°/L; subse- 
quent blood cell counts gave normal 
results. Her birth weight was 2920 g. Dur- 
ing the first two weeks of life, the patient’s 
eyes were constantly directed upward. She 
was not in distress, and there was no 
evidence of seizure activity. Gradually, she 
began to look down but still had a marked 
preference for upgaze. The mother noted 
that the eyes are usually in the straight- 
ahead position after naps but drift upward, 
usually within one to two hours. 

During the neuro-ophthalmic examina- 
tion, the infant had stable central fixation 
in both eyes. When she was not attending 
to visual stimuli, there was a tonic slow- 
phase upward drift of the eyes with fre- 
quent downward saccades. The upward 
ocular deviation persisted when the 
patient was held upside down with her 
head toward the floor. Passive flexion and 
extension of the head with the infant held 
horizontally elicited normal vestibulo-ocu- 
lar responses and full vertical eye move- 
ments. The horizontal eye movements were 
normal, and there was no head thrusting. 
The examination revealed no other abnor- 
malities. An electroencephalogram and 
computed tomographic scans of the head 
were normal. 

At the age of 11 months, the patient had 
achieved normal developmental mile- 
stones, and the upgaze episodes had been 
less frequent. 


COMMENT 


In all three infants, tonic upward 
ocular deviation without seizure 
activity or significant neurologic dis- 
ease was noticed within the first two 
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months of life. The frequency and 
duration of the tonic upgaze episodes 
decreased with time but appeared to 
be exacerbated by fatigue or illness. 
In each case, the downward eye move- 
ments were clinically normal. 

One of us (W.F.H.) previously 
described an 8-month-old infant who 
began to have daily episodes of inter- 
mittent tonic-clonic upward deviation 
of the eyes not associated with sei- 
zures at 2 months of age. With an 
alerting stimulus, the eyes would 
return briefly to the straight-ahead 
position and then would drift upward 
again. Ocular motor function was nor- 
mal by 18 months. 

The tonic upgaze deviation in these 
cases may be analogous to transient 
tonic downward deviation seen in oth- 
erwise healthy infants.*> Characteris- 
tically, the downward deviation is 
noted early in life, usually at birth, is 
accompanied by constant or intermit- 
tent eyelid retraction, and can easily 
be overcome by passive flexion of the 
head. The abnormality usually re- 
solves within two years. Downward 
deviation is usually present at all 
times, whereas the upward deviation 
in our patients was intermittent. 

Upward deviations of the eyes may 
also be seen as part of a seizure activ- 
ity (most commonly of the petit mal 
type), in association with postence- 
phalitic parkinsonism,® in children 
with bilateral central visual loss from 
retinal disease who have relative 
preservation of the inferior visual 
field,’ in coma states,*’ or in associa- 
tion with brain-stem disease causing 
downgaze palsies.'*'' Pediatric, neuro- 
logic, and ophthalmic examinations 
should eliminate these possibilities. 
Our patients do not belong in any of 
these groups. 

The pathophysiology of infantile 
upgaze deviations is unknown. Up- 
ward deviation persists longer than 
downward deviation and may become 
manifest during periods of fatigue or 
illness. 
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Lens Fluorescence in Relation to Metabolic Control 


of Insulin-Dependent Diabetes Mellitus 


Michael Larsen, MD; Birgit Kjer, MD; Inger Bendtson, MD; Peter Dalgaard, MSc; Henrik Lund-Andersen, MD 


@ The correlation of blue-green lens 
fluorescence to the metabolic control of 
insulin-dependent diabetes mellitus was 
studied in 36 patients in whom the level of 
glycosylated hemoglobin A,, (HbA,;.) had 
been followed from the onset of diabetes. 
Good metabolic control (22 patients, all 
with mean HbA,, levels, <7.0% and, thus, 
low blood glucose concentrations) was 
associated with less lens fluorescence 
and a higher lens transmittance than poor 
metabolic control (14 patients, all with 
mean HbA,, levels, >9.7%). It appears 
that in diabetes, an increase in lens fluo- 
rescence and a decrease in lens transmit- 
tance are delayed by good metabolic con- 
trol, and that the determination of lens 
fluorescence provides information about 
the long-term control of diabetes. 

(Arch Ophthalmol 1989; 107:59-62) 


Wren illuminated by blue light, 
green fluorescence of the adult 
human crystalline lens is clearly visi- 
ble to the naked eye. Several quantita- 
tive in vivo studies have demonstrated 
a gradual increase in lens fluorescence 
with age both in healthy subjects and 
in diabetic patients.'’ In the presence 
of diabetes, the rate of increase 
appears to be two to three times high- 
er than in healthy subjects. No expla- 
nation has been found for this differ- 
ence. 

The link between diabetes and lens 
fluorescence may be nonenzymatic 
glycosylation, which can lead to the 
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formation of brown, fluorescent pro- 
tein adducts in a series of reactions 
that are initiated by the nonenzyma- 
tic binding of glucose to amino groups. 
If this occurs in the lens, then its 
fluorescence should increase with the 
concentration of glucose to which it is 
exposed. 

Glycosylated hemoglobin y. A 
(HbA,.) is a product of nonenzymatic 
glycosylation that occurs in vivo. 
Determination of the HbA,, level pro- 
vides a useful estimate of the blood 
glucose level during the preceding one 
to three months in diabetic patients.*’ 
The more advanced fluorescent end 
products of the reaction appear also to 
be present in human proteins, such as 
collagen, which have little or no turn- 
over.'®!? 

To test the significance of glucose 
for the development of lens fluores- 
cence, we have examined diabetic 
patients in whom the level of glycosyl- 
ated HbA,. had been followed from 
the onset of diabetes. 


PATIENTS AND METHODS 
Patients 


Lens fluorescence was examined in insu- 
lin-dependent diabetic patients in whom 
the HbA,. had been determined every third 
month since the onset of diabetes. The 
individual patient’s mean HbA,, level for 
the duration of the disease was used to 
select two groups of patients: (1) a group 
with good metabolic control with HbA.. 
levels lower than 7.0% and (2) a group with 
poor metabolic control with HbA,, levels 
higher than 9.7%. (The HbA,, value indi- 
cates the glycosylated fraction of total 
hemoglobin A.) Twenty-two patients with 
low HbA,, levels and 14 with high HbA,, 
levels volunteered to participate in the 
study. None of the patients had nephropa- 
thy, microalbuminuria, or hypertension. 
Retinopathy was absent or minimal, and 
lens abnormalities were absent in all but 


one patient (from the group with low 
HbA. levels) who showed peripheral corti- 
cal spoking in both lenses. This subject’s 
lens opacities did not approach the central 
part of the lens where fluorescence was 
measured (this took place within 2 mm off 
the optical axis). Clinical characteristics 
are listed in Table 1. 

The postprandial C peptide value was 
determined every half year from the onset 
of diabetes. The average value was in all 
patients lower than 0.18 nmol/L. Thus, the 
patients definitely required insulin treat- 
ment. The two groups were comparable 
with respect to residual beta cell function, 
as judged by the C peptide production. The 
HbA,, values at onset, but before insulin 
treatment, were available for about half of 
the patients in each group, and these val- 
ues did not indicate any difference in pre- 
treatment blood glucose concentrations 
between the two groups. The principal 
difference thus seemed to be in the quality 
of metabolic control. 

Because of the recent introduction of the 
HbA,. assay, none of the patients had a 
duration of diabetes of more than eight 
years. 


Fluorophotometry 


The pupils were dilated with one drop of 
0.5% tropicamide and one drop of 10% 
phenylephrine hydrochloride (metaoxe- 
drine chloride). Fluorescence was mea- 
sured by an automated fluorophotometer 
(Fluorotron Master, Coherent Inc, Palo 
Alto, Calif). Excitation was achieved by a 
halogen lamp that was fitted with a pair of 
420- to 490-nm band pass interference fil- 
ters. Detection was done by a photodetec- 
tor through two 530- to 630-nm band pass 
interference filters. Fluorophotometric 
data were collected and processed by a 
microcomputer (Commodore 4032).'** The 
instrument measures fluorescence along 
the optical axis of the eye with an axial 
resolution of approximately 0.25 mm. An 
axial fluorescence scan is seen in Fig 1. The 
diagram also indicates the locations within 
the eye from. which the landmarks of the 
scan are ate: 
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Table 1.—Characteristics of Study 
Population * 


No. of patients 
Mean age 


(range), y (17-43) 


Duration of 4.8 §.5 
(3.3-7.8) 


diabetes (3.4-7.1) 


(range), y 
No. of patients 
No retinopathy 19 
1-2 micro- 2 
aneurysmst 
3-5 micro- 1 
aneurysmst 
Mean HbAic 6.5 10.1 
level since (5.7-6.9) (9.8-10.7) 
onset of 
diabetes 
(range), % 
HbA ic level at 
onset before 
insulin 
treatment, % 
Mean postprandial 
C peptide 
value since 
onset of 
diabetes 
(range), 
nmol/L 


11.1¢ 
(9.7-12.5) 


11.0§ 
. (9.1-12.9) 


0.10 
(0.02-0. 18) 


0.12 
(0.06-0. 18) 





* HbA 4c indicates hemoglobin Ac. 
tMicroaneurysm(s) in at least one eye. 
In 12 patients. 

§In six patients. 


Log Fluorescence 





Intraocular Position 


Fig 1.—Variation in fluorescence intensity 
(excitation, 420 to 490 nm; detection, 530 to 
630 nm) on a scanning measurement of fluo- 
rescence along optical axis of eye (dashed 
line). Peaks of scan are obtained at retina, 
posterior part of lens nucleus (posterior lens 
peak), anterior part of nucleus (anterior lens 
peak), and cornea. Due to limited axial resolu- 
tion of instrument and to scatter in refractive 
media, signal may be obtained from anterior 
chamber. Its minimum value is included in data 
analysis as measure of scatter. Transmittance 
of lens is estimated by ratio of posterior to 
anterior lens peak. 
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Dependent Independent 
Variable Variables 
Lens fluorescence, A, ng/mL/y 
ng/mL B, ng/mL/y 
C, ng/mL/y 
B + C, ng/mL/y 


k, ng/mL 





Table 2.—Lens Fluorescence in Insulin-Dependent Diabetes Mellitus * 


Coefficient or Constant SE P 
7.76 0.98 <.0001 
13.6 K .0666 
9.95 3.44 .0068 
23.6 








Linear Regression 







—63.8 39.3 .1143 





* The regression model assumes that lens fluorescence is a linear function of age and duration of diabetes. A 
indicates the coefficient for age; B, the coefficient for duration of diabetes in diabetic patients with low 
hemoglobin Aų4¢ç levels; B + C, the coefficient for duration in diabetic patients with high hemoglobin Aj¢ levels; 
and k, a constant (see equations 1 through 3 in the text). 


The highest fluorescence intensity (the 
anterior lens peak) is found in the anterior 
part of the lens nucleus. In the following 
sections, the term lens fluorescence refers 
to the intensity measured at the anterior 
lens peak. Another fluorescence peak (the 
posterior lens peak) is derived from the 
posterior part of the lens nucleus. The 
ratio of the posterior to the anterior lens 
peak is used as an estimate of the light 
transmittance of the lens.? In lenses with 
unimpaired transmission, this ratio is 
close to unity. 

Light scattering in the lens can be 
observed on the scan as a tailing of the lens 
fluorescence toward both sides of the lens. 
This phenomenon is generally more pro- 
nounced in elderly persons. The apparent 
fluorescence in the middle of the anterior 
chamber is thus an artifact caused by 
scatter, and it has been included in the 
analysis as a measure of this phenomenon. 
Also included is the corneal peak signal, 
which is partly caused by scattered blue 
light and the specular reflection at the 
corneal surface. The blue light is detected 
due to imperfections of the fluorophoto- 
meter. 


Statistical Analysis 


Anterior lens peak fluorescence, lens 
transmittance, and anterior chamber and 
corneal peak values were analyzed using 
the average of a patient’s two eyes. A 
multiple linear regression model that con- 
tained age, duration of diabetes, and regu- 
lation status as descriptive variables was 
used. If we assume that fluorescence is 
linearly proportional to age and duration 
of diabetes, with different coefficients for 
duration in the two groups, then we may 
describe lens fluorescence according to the 
following equation: 


F= A . Age + (B + C) - Duration + k 
(equation 1), 


where F is lens fluorescence, A is the 
coefficient for age, B is the coefficient for 
duration of diabetes in patients with low 
HbA,. levels, and B + C is the coefficient 
for duration in subjects with high HbA.. 
levels; k is a constant. Lens transmittance 
and anterior chamber and corneal peak 
values were described by the same model. 

When anterior lens peak fluorescence, 
lens transmittance and anterior chamber 
values are plotted against age, these vari- 
ables have an SD that is approximately 
proportional to their mean value. Hence, 
the regression models have been fitted 
using an iteratively reweighted least 


squares procedure that assumes that the 
SD is proportional to the expected value. 
Since the proper weights cannot be known 
a priori, one first obtains approximate 
expected values from the ordinary least 
squares. Approximate weights are then 
calculated and used in an analysis that 
yields better expected values, whereby one 
obtains better weights and so on. The 
procedure is repeated until the result sta- 
bilizes. 

Lens transmittance has, within the 
range of values considered here, a fairly 
constant SD; accordingly, an ordinary least 
squares method was used for this vari- 
able. 

Tests of regression coefficients equal to 
zero were the usual two-tailed t tests. For 
the iterative method, these tests are only 
approximate, but simulation studies indi- 
cate that the error is small.” 


RESULTS 


Multiple linear regression analysis 
of the fluorescence measurements 
reveals that after approximately five 
years’ duration of insulin-dependent 
diabetes mellitus, a high level of 
HbA,, is associated with significantly 
more lens fluorescence than a low 
level of HbA,. (P = .0068; Table 2). 
The effect of poor metabolic control is 
superimposed on the strong effects of 
age and duration. According to equa- 
tion 1 and Table 2, the expected lens 
fluorescence of an individual can be 
found by inserting age and duration in 
one of the following equations (age in 
years; fluorescence in nanograms per 
milliliter fluorescein concentration 
equivalents): 


Low HbA. level: 

F = 7.76 - Age + 13.6 - Duration — 63.8 
(equation 2) 

High HbA,, level: 

F = 7.16 - Age + 23.6 - Duration — 63.8 
(equation 3) 


At the age of 30 years and with a 
duration of diabetes of five years, 
which is representative of the study 
population, lens fluorescence is thus, 
on the average, 21% higher in a dia- 
betic patient who has experienced a 
high blood glucose level than in a 
diabetic patient who has been in opti- 
mal metabolic control. 
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Fig 2.—Lens fluorescence in insulin-depen- 
dent diabetes mellitus. Patients with mean 
hemoglobin A,, level greater than 9.7% since 
onset (circles) and patients with mean hemo- 
globin A,, level less than 7.0% (asterisks). 
(Hemoglobin A, value indicates glycosylated 
fraction of total hemoglobin A.) Fluorescence 
is in equivalent fluorescein concentration 
(nanograms per milliliter); age in years. 
Regression lines are shown according to 
results of multiple linear regression analysis 
and corresponding to five years’ duration of 
diabetes. For each patient, data were 
adjusted to five years’ duration using regres- 
sion coefficient for duration of diabetes, to 
allow unbiased graphic presentation of 
results. Regression lines describe fluores- 
cence as function of age in two different 
groups of diabetic patients, where all diabetic 
patients had diabetes for five years. Regres- 
sion model assumes that difference between 
two groups increases with time. 


In Fig 2, lens fluorescence is plotted 
against age for patients with high and 
low HbA,, levels. To allow a graphic 
presentation of the data, fluorescence 
has been adjusted to a duration of 
diabetes of five years, using the coeffi- 
cients for duration obtained by the 
regression analysis. Regression lines 
are shown that describe fluorescence 
as a function of age in two different 
groups where all individuals have had 
diabetes for five years. Thus, the lines 
do not predict the course of individual 
diabetic patients (Fig 2). 

The course of lens fluorescence 
intensity in individual patients can be 
predicted from equations 2 and 3. The 
apparent rate of increase in fluores- 
cence per time unit is 21.4 ng/mL/y 
for diabetic patients with low HbA.. 
levels and 31.3 ng/mL/y for diabetic 
patients with high HbA. levels, ie, the 
rate is 47% higher in the latter 
group. 

The results of the regression analy- 
sis of the other fluorophotometric 
variables appear in Table 3. Expected 
values can be found for these vari- 
ables using equation 1 and Table 3. 
Compared with a low HbA,, level, a 
high level of HbA. is associated with 
a significantly lower lens transmit- 
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Table 3.—Other Fluor 





Independent 
Variables 


Dependent 
Variable 


Lens transmittance A 











B+C 
k 

A, ng/mL/y 

B, ng/mL/y 

C, ng/mL/y 

B + C, ng/mL/y 
k, ng/mL 

A, ng/mL/y 


Anterior chamber 
minimum, ng/mL 


Corneal peak, ng/mL 
B, ng/mL/y 
C, ng/mL/y 
B + C, ng/mL/y 
k, ng/mL 
















Linear 
Regression 
Coefficient 
or Constant 


—0.00410 
—0.00118 
—0.00875 
—0.00993 


0.00063 
0.00614 
0.00292 


<.0001 
.8490 
.0053 








0.0366 <.0001 











1.015 
0.125 0.030 .0004 
0.0859 0.147 .563 
0.112 0.147 .563 
0.198 "a3 ah 
—2.031 0.825 .0210 
0.0939 0.0913 .3134 
0.912 0.549 . 1090 
0.791 0.297 .0133 
1.703 Fe ie 
6.372 3.500 .0807 





* The regression model assumes that the fluorophotometric variables are linear functions of age and duration 
of diabetes. A indicates the coefficient for age; B, the coefficient for duration of diabetes in diabetic patients 
with low hemoglobin Aj, levels; B + C, the coefficient for duration in diabetic patients with high hemoglobin A41c 
levels; and k, a constant (see equations 1 through 3 in the text). 


tance (P = .0053), an insignificantly 
higher anterior chamber value 
(P = .56), and a significantly higher 
corneal peak value (P = .013); again, 
using the example of 30-year-old indi- 
viduals with five years’ duration of 
diabetes, the effects of a high glucose 
level are —5%, +26%, and +30%, 
respectively. 


COMMENT 


Poor metabolic control of insulin- 
dependent diabetes mellitus, ie, a con- 
sistently elevated blood glucose con- 
centration and, thus, a high propor- 
tion of glycosylated hemoglobin, 
appears to be associated with a higher 
lens fluorescence than what is found 
in diabetics patients with good meta- 
bolic control. 

Fluorescence should not be consid- 
ered independently of other optical 
properties of the eye. An increased 
level of HbA,. is also associated with a 
decreased lens transmittance and 
increased scatter in the lens and cor- 
nea. Hence, it appears that phenome- 
na, which may impede the detection of 
lens fluorescence, are more pro- 
nounced in diabetic patients with high 
HbA,. levels than in diabetic patients 
with low HbA,,. levels. If they have 
any significant influence on the detec- 
tion of lens fluorescence, they can only 
be expected to mask a more pro- 
nounced difference between the two 
groups than what has already been 
found. 

The demonstration that poor meta- 
bolic control is associated with an 
acceleration of processes that degrade 
the optical quality of the lens should 


encourage efforts to approach normo- 
glycemia in diabetic patients. 

Photooxidation of tryptophan, 
which is stimulated by ultraviolet 
light, produces fluorescent sub- 
stances. This process may be responsi- 
ble for lens fluorescence at shorter 
wavelengths,'*” but it is not known 
with certainty if it contributes to 
blue-green fluorescence.” 

It has been demonstrated by the 
present study and by previous 
reports? that lens fluorescence 
increases with age, duration of diabe- 
tes, and the concentration of plasma 
glucose, as expressed by the level of 
HbA,.. The total amount of glucose to 
which the lens has been exposed 
increases as a function of all these 
parameters, which indicates that glu- 
cose has an important influence on 
the development of blue-green lens 
fluorescence, both in diabetic patients 
and in healthy subjects. Nonenzymat- 
ic glycosylation may be the responsi- 
ble mechanism. This assumption is 
supported by the demonstration that 
bovine lens proteins that are incu- 
bated with glucose develop fluores- 
cence similar to what is found in a 
human senile cataract.” 

Lens proteins are exceptionally 
long-lived.” If they are nonenzymati- 
cally glycosylated in vivo, they can 
therefore be expected to undergo a 
browning reaction that produces fluo- 
rescent pigments. In collagen, another 
protein with little or no turnover, 
fluorescence typical of nonenzymatic 
browning is found in both healthy 
subjects and in diabetic patients, in 
whom it is markedly increased.''” 
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An elevation of the blood glucose 
concentration is not necessarily 
accompanied by an increase of the 
same magnitude in the lens glucose 
concentration because the lens sub- 
stance is separated from the blood by 
three barrier systems: the blood-aque- 
ous barrier, the lens capsule, and the 
lens cell membrane. The problem has 
been studied in other barrier systems. 
Thus, a good agreement has been 
found between changes in blood glu- 
cose concentrations and changes in 
glucose concentrations in the brain 
and cerebrospinal fluid.” Further- 
more, the lens is not dependent on 
insulin for the uptake of glucose from 
the aqueous humor. 
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The lens seems to accumulate infor- 
mation about the quality of metabolic 
control in diabetes, but other factors 
may contribute to the formation of 
fluorophores.” It remains uncertain 
whether the average blood glucose 
level in individual diabetic patients 
during a shorter or longer period can 
be assessed by the determination of 
lens fluorescence. When compared 
with diabetic patients with good met- 
abolic control, the diabetic patients 
with poor control had a 55% higher 
HbA,. level, whereas the apparent 
rate of increase in lens fluorescence 
had been 47% higher. Considering the 
SE of the regression coefficients, the 
difference between these two figures 


References 


1980;19:130-136. 

9. Svendsen PA, Lauritzen T, Mortensen HB, 
et al: Hemoglobin A,, in the assessment of glu- 
cose control, in Brunetti P, et al (eds): Artificial 
Systems for Insulin Delivery. New York, Raven 
Press, 1983, pp 369-376. 

10. Monnier VM, Cerami A: Non-enzymatic 
glycosylation and browning of proteins in diabe- 
tes. Clin Endocrinol Metab 1982;11:431-452. 

11. Monnier VM, Kohn RR, Cerami A: Acceler- 
ated age-related browning of human collagen in 
diabetes mellitus. Proc Natl Acad Sci USA 
1984;81:583-587. 

12. Monnier VM, Viswanath V, Frank KE, et 
al: Relation between complications of type I 
diabetes mellitus and collagen-linked fluores- 
cence. N Engl J Med 1986;314:403-408. 

13. Koskinen P, Viikari J, Irjala K, et al: 
C-Peptide determination in the choice of treat- 
ment in diabetes mellitus. Scand J Clin Lab 
Invest 1985;45:589-597. 

14. Zeimer RC, Blair NP, Cunha-Vaz JG: Vit- 
reous fluorophotometry for clinical research: I. 
Description and evaluation of a new fluoropho- 
tometer. Arch Ophthalmol 1983;101:1753-1756. 

15. Zeimer RC, Blair NP, Cunha-Vaz JG: Vit- 
reous fluorophotometry for clinical research: II. 
Method of data acquisition and processing. Arch 
Ophthalmol 1983;101:1757-1761. 

16. Jacobs R, Krohn DL: Fluorescence intensi- 


is small. It should be determined 
whether the rate of increase in lens 
fluorescence is actually proportional 
to the plasma glucose level, preferably 
in a prospective study. 

In summary, it has been demon- 
strated that the metabolic control of 
diabetes has an important influence 
on the optical qualities of the lens, an 
influence that may be due to the non- 
enzymatic glycosylation of lens pro- 
teins. 
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Various Stages of Optic Neuritis Assessed by 


Subjective Brightness of Flicker 


Susanne Trauzettel-Klosinski, MD 


è in the Aulhorn flicker test, the sub- 
jective brightness of a steady field is 
matched to that of a flickering field at 50 
to O Hz. The test gives pathologic values 
only for active optic neuritis (ON) and 
gives normal results for normal eyes and 
eyes with subsided ON and other diagno- 
ses, with a specificity of 98% and a sensi- 
tivity of 85.5%. Characteristic variations 
of the curves of subjective brightness 
during the course of ON allow a subtle 
assessement of five different disease 
stages, and there is a clear distinction 
between various disease patterns, ie, 
acute, chronic, recurrent, diminishing, 
and subsided ON. This distinction is 
impossible on the basis of visual evoked 
potentials. The test can be done easily 
and quickly without major technical equip- 
ment, even in an ophthalmologists 
office. 

(Arch Ophthalmol 1989; 107:63-68) 


he clinical diagnosis of optic neuri- 

tis (ON) is often ambiguous, espe- 
cially in atypical cases and recurrent 
attacks. Until recently diagnosis was 
possible only by using the visual 
evoked potentials (VEPs) to deter- 
mine whether a sudden, unilateral 
loss of vision was due to demyelin- 
ation of the optic nerve. Even this 
diagnosis can be difficult, however, 
since the increase in latency usually 
remaifis after active ON has subsided. 
Therefore, a distinction between 
active and subsided ON is normally 
impossible on the basis of VEPs. Fur- 
thermore, the recording of the VEPs 
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requires technically sophisticated 
equipment and can therefore be done 
only in specialized centers. 

Aulhorn was the first to discover, in 
1979, that light flickering at medium 
frequencies appears darker to pa- 
tients with ON than to normal per- 
sons (E. Aulhorn, oral communica- 
tion, December 1979). Since then, she 
and coworkers, including myself, have 
performed the Aulhorn flicker test in 
a total of 1104 eyes, including 250 with 
active ON. We demonstrated two 
pathologic phenomena that are highly 
specific for ON: (1) a decrease in sub- 
jective brightness at medium frequen- 
cies and (2) brightness enhancement 
at low frequencies, the “late maxi- 
mum”; the first phenomenon was dis- 
covered by Aulhorn, and the second by 
myself.: 

We recently reported on a new stan- 
dardization method based on im- 
proved evaluation and new criteria of 
judgment’; this method was used with 
the more recent patients (527 eyes, 
including 138 with active ON) in the 
total pool. Only patients examined 
under these improved conditions are 
included in the present report. 

The aim of this report is to analyze 
the Aulhorn flicker test results in 
relation to the stage and course of ON 
and to discuss the consequences for 
clinical and practical interests. 

When I use ON, it refers to an active 
stage of disease (ie, the inflammation 
has not yet subsided and can still 
undergo change). Furthermore, ON 
refers to cases with an unknown cause 
that are isolated or associated with 
multiple sclerosis (MS). 


PATIENTS AND METHODS 
Procedure 


The Aulhorn flicker test measures the 
brightness sensation caused by flickering 
light. A double projector (a halogen lamp 


with a color temperature of 3000°K) 
throws to a screen two half fields that add 
to form a circle 7° 7’ in diameter. The ray 
path of one half field is interrupted by a 
rotating sector disc that produces an 
approximately rectangular flicker stimu- 
lus. The flicker frequency is varied 
between 0 and 50 Hz by the investigator. 
The luminance of the other, steady half 
field is controlled by the patient. The 
patient is given the task of adjusting the 
subjective brightness of the steady field to 
match that of the flickering field. 

Above 40 to 50 Hz, ie, above the critical 
fusion frequency, the intermittent light 
stimulus (light-dark ratio, 1:1) is perceived 
at half the brightness of the luminance of 
the steady field according to Talbot’s 
law.‘ 

The luminance of the steady field in our 
setup is 32 candelas per square meter (87 
arbitrary units [au]), while the time-aver- 
aged luminance at 50 Hz flicker is 19.5 
cd/m? (80 au) rather than the expected 16 
cd/m? (77 au) because of the slight amount 
of light thrown on the test field by the 
illumination of the room. Hence, the test is 
performed under photopic and supra- 
threshold conditions. The adjustment scale 
of the apparatus ranges from 1 to 80 cd/m? 
(0 to 99 au). When, in rare cases, an even 
higher brightness sensation of the flicker- 
ing field than 99 au was claimed, this could 
not be taken into consideration and was 
registered as 99 au. 

The test is done monocularly with opti- 
mal corrective glasses beginning with 50 
Hz and then at frequencies (40, 30, 25, 20, 
15, 10, 8, 5, 3, 2, and 1 Hz) descending to 0 
Hz. The brightness values of the steady 
field adjusted by the patient are read in 
arbitrary units on a digital scale located on 
the double projector and then converted 
into luminance values (cd/m?’). 

The test does not assume patients have 
good visual acuity, since it is based on 
comparing the brightness of large areas of 
a clearly suprathreshold luminance. Even 
small absolute central scotomas are no 
obstacle in performing the test. The only 
precondition for obtaining usable results is 
a visual acuity of at least 0.1 (equivalent to 
20/200). 
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Fig 1.—Brightness sensation by flicker frequency (schematic). Ordi- 


nate: subjective brightness (corresponding to luminance of steady field, 
- which matches brightness of flickering field) in arbitrary units (au) and 
luminance values (cd/ m°). In normal observers (broken line), subjective 
brightness increases with decreasing frequency, with brightness 
enhancement (a) occurring at 8 to 10 Hz (Briicke-Bartley effect), 


followed by return to luminance of nonintermittent steady light (line 1). 
In observers with optic neuritis (solid line), subjective brightness 
decreases with decreasing frequency below Talbot level (line 2), with 
minimum at 8 Hz (b) and brightness enhancement (c) at 1 to 3 Hz (late 
maximum), followed by return to luminance of steady light (line 1) (from 


S.T.-K. and Aulhorn®). 


A'S 


No. of Eyes 


With Optic 
Neuritis 


Without Optic 


Flicker Neuritis 


Normal 
Abnormal 





* Eight eyes with optic neuritis were not examined 
at 1 to 3 Hz. 


Data Analysis 


Evaluation of the findings was carried 
out using strict criteria. The flicker test 
results for each patient were interpreted 
without knowledge of other data, and the 
clinical diagnosis of ON was ascertained 
without knowledge of the flicker test 
results. Only then were the results com- 
pared. Thus, the criteria were similar to 
those of double-blind studies. 

Figure 1 is a schematic diagram of 
brightness sensation depending on flicker 
frequency. It is designed so that the curve, 
reading from left to right, corresponds to 
the course of the examination. Above the 
critical fusion frequency (CFF) (40 to 50 
Hz), the brightness sensation corresponds 
to the Talbot level (80 au or 19.5 cd/m?) in 
both normal subjects and those with ON. 
The brightness sensation then increases in 
normal observers when the flicker fre- 
quency is lowered. At medium frequencies, 
the subjective brightness of the flickering 
light is enhanced above the brightness of 
the steady stimulus at 0 Hz. This bright- 
ness enhancement is known as the Briicke- 
Bartley effect™* and attained its maximum 
level under our own experimental condi- 
tions at 8 to 10 Hz. After passing this 
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brightness enhancement the curve returns 
to the luminance of steady light at 0 Hz (87 
au or 32 cd/m’). 

In patients with ON, however, there is a 
marked decrease in the brightness sensa- 
tion with diminishing flicker frequency, to 
its lowest level at 5 to 15 Hz. This drop in 
the curve of brightness sensation below the 
Talbot level is the main criterion for a 
pathologic flicker test result. A reliable 
diagnosis of ON can be made if there are at 
least two values of 74 au or below (ie, 13.5 
cd/m? or below, corresponding to approxi- 
mately 0.15 log units below the Talbot 
level) between 40 and 5 Hz. 

After this minimum is passed, the 
brightness sensation either simply returns 
to the luminance of steady light at 0 Hz, or 
there is a brightness enhancement at 1 to 3 
Hz. This late maximum is the second crite- 
rion for a pathologic flicker test result. A 
late maximum is considered pathologic 
when the peak of the curve is located at 1 to 
3 Hz and the value is 94 au or above (ie, 56.2 
cd/m? or above, corresponding to approxi- 
mately 0.45 log units above the Talbot 
level). These two criteria are based on 
evaluation of the total group of 527 eyes, 
and they are defined to emphasize the high 
specificity of the test. 


Patients 


The evaluated group comprised a total of 
527 eyes, including 138 with active ON, 52 
with subsided ON, 155 normal eyes (includ- 
ing 82 fellow eyes of eyes with active ON), 
and 182 eyes with other diagnoses (includ- 
ing 65 with other optic nerve diseases). 
Because the patients were examined sever- 
al times during the follow-up period, the 
total number of flicker test results is 
1304. 








40 30 20 10 5 0 
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Fig 2.—Brightness sensation by flicker frequency in 155 normal eyes in 
arbitrary units (au) and luminance values (cd/m°). Arrow indicates 
luminance of steady field at O Hz. Subjective brightness increases with 
decreasing frequency, and there is brightness enhancement at 8 to 10 
Hz (Briicke-Bartley effect) (from S.T.-K. and Aulhorn®). 


RESULTS 
Flicker Test Results at First Examination 


As discussed above, in active ON, 
the brightness sensation diminishes 
with decreasing flicker frequency, 
with a minimum usually between 5 
and 15 Hz. After passing the mini- 
mum, the curve rises, crosses the Tal- 
bot level, and then either climbs to the 
luminance of steady light at 0 Hz or 
peaks at a late maximum at 1 to 3 Hz. 
Of 138 eyes, 118 had pathologic flicker 
test results; 109 had a pathologic drop, 
and nine had only a pathologic late 
maximum (Table 1). Twelve eyes had 
a false-negative flicker test result. 
Eight eyes without a pathologic drop 
were not examined at 1 to 3 Hz, so the 
second criterion was not ascertainable 
(Table 1). 

In contrast, a normal flicker test 
result is found in all normal eyes and 
in nearly all eyes with subsided ON 
and other diagnoses, such as other 
optic nerve diseases, central scotomas 
of other origin, and reduction of visual 
acuity without a morphologic expla- 
nation.*® The cluster of curves of the 
155 normal eyes is shown in Fig 2. 
There is an increase of subjective 
brightness, with a more or less pro- 
nounced brightness enhancement, at 8 
to 10 Hz (Briicke-Bartley effect) and 
then a return to the luminance of 
steady light at 0 Hz. Only eight (2%) 
of the 389 eyes without ON had a 
pathologic, false-positive result (Ta- 
ble 1). The Pearson x? value shows a 
highly significant difference between 
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the two groups (ON vs no ON) when 
their classification is based on the two 
criteria (x? = 389.98, df=1, P< 
.00001). 


Curve Behavior During 
Course of Disease 


Significance of Late Maximum.— 
Brightness values above 87 au at 0 Hz 
express a brightness enhancement. 
Allowing for scattering, all values of 
90 au or greater between 1 and 3 Hz 
were first considered to indicate a late 
maximum. It became evident that a 
late maximum of 90 to 93 au occurs 
more often in patients with ON during 
the course of the disease than in eyes 
without ON, but there is a marked 
overlap.’ Therefore, a late maximum 
of 93 au or lower cannot be taken as a 
sure criterion. Therefore, in the fol- 
lowing, only values of 94 au or greater 
are considered to indicate a late max- 
imum. 

At first examination, of 100 eyes 
with ON examined between 1 and 3 
Hz, 27 eyes (27% ) showed a late max- 
imum (Table 2). However, of the 212 
eyes without ON examined at 1 to 3 
Hz, only five eyes (2%) had a late 
maximum. The Pearson x? value dem- 
onstrates a highly significant depen- 
dence between the two groups of diag- 
noses (ON vs no ON) and the occur- 
rence of a late maximum compared 
with the absence of a late maximum 
(x? = 44.82, df=1, P < .0001). 

During follow-up, when there were 
several results with a late maximum, 
the examination day with the highest 
value was selected. The frequency of a 
late maximum in eyes with ON rose 
markedly under these conditions. Of 
117 eyes with ON examined at 1 to 3 
Hz, 56 (48%) had a late maximum 
(Table 2). In the 215 eyes without ON 
examined at 1 to 3 Hz, a late maxi- 
mum was found in only six cases (3% ). 
There is a highly significant depen- 
dence between the occurrence of a late 
maximum and the two groups of diag- 
noses (ON vs no ON) during the course 
of the disease, as proved by the Pear- 
son x? value (x? = 102.54, df=1, P< 
.0001). 

In summary, a late maximum of 94 
au or greater is a highly specific sign 
of ON. The differences between 
patients with and without ON are 
highly significant at the first exami- 
nation and become even more marked 
during follow-up. 

Stages of ON.— During the course of 
each patient’s disease, characteristic 
_ flicker test results can be found at 
each stage. Only patients who were 
examined during at least four differ- 
ent stages during the course of their 
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First Examination 


Late With 
Maximum Optic Neuritis 


Without 
Optic Neuritis 


No. of Eyes 
Follow-up 


With Without 
Optic Neuritis Optic Neuritis 


Table 3.—Differentiation of Various Patterns of Development of ON* 


Visual. Acuity 


Flicker Test 
Result 
Pathologic 
Permanently 
pathologic 


First pathologic, 
then normal, 
then pathologic 


Only late 
maximum 


Diagnosis 
Acute ON 
Chronic ON 


Recurrent ON 


Diminishing ON 


Subsided ON Normal 


and/or 
Perimetry 


Reduced Vital 
Reduced 


Reduced 


Normal or 
reduced 


Normal or 


Visual Evoked 
Potential Result 


Pathologic 
Pathologic : 


Optic Disc 


Partially atrophic 


Partially atrophic Pathologic 


Partially atrophic Pathologic 


Partially atrophic Pathologic 


reduced 


* ON indicates optic neuritis. 


ON are included in Fig 3. Because not 
all of these patients could be assigned 
to all five stages, group sizes are dif- 
ferent. 

STAGE 1.—At the onset of the dis- 
ease, the typical drop in brightness 
sensation with decreasing frequency 
is manifested, with a minimum at 5 to 
8 Hz followed by a climb at very low 
frequencies up to the luminance of 
steady light at 0 Hz (87 au). 

STAGE 2.— During the phase of ini- 
tial recovery, there is a less marked 
drop in the curve and a slight shift of 
the minimum to higher frequencies, 
and a late maximum appears. 

STAGE 3.—During later recovery, 
the minimum disappears, the curve 
remains flat up to 10 Hz, and there 
exists only a late maximum. 

STAGE 4.—After the active stage 
has vanished, the late maximum dis- 
appears as well, and the curve adopts 
a general flat course between 50 and 0 
Hz. 

STAGE 5.— Weeks or months later, 
there is complete normalization of the 
curve of brightness sensation, with a 
Brücke-Bartley effect at 8 to 10 Hz. 

The fact that the duration of the 
active stage can be determined unmis- 
takably by means of the flicker test 
makes possible a differentiation of 
various patterns of development (Ta- 
ble 3). Taking into consideration the 
clinical findings and VEPs, it is possi- 
ble to distinguish acute, chronic (ie, a 
smoldering inflammation lasting 
many months or years), recurrent, 
diminishing, and subsided ON. 





COMMENT 
Flicker Test Results at First Examination 


The flicker test produces two patho- 
logic phenomena in ON: (1) a drop in 
the curve of subjective brightness 
below the Talbot level at medium fre- 
quencies, isolated or associated with 
(2) a brightness enhancement at 1 to3 
Hz, the late maximum. In some cases, 
nothing but a late maximum can be 
found at the first examination. 

In contrast to the patients with 
active ON, subjective brightness 
increases with decreasing frequency, 
with a Briicke-Bartley effect at 8 to 10 
Hz, in normal eyes (Fig 2) as well as in 
patients with subsided ON (Fig 3, 
stage 5) and other diagnoses. This is 
of special value in the differential 
diagnosis of other optic nerve dis- 
eases, especially papilledemas caused 
by vascular disorders or tumor com- 
pression and central scotomas of oth- 
er origin. 

Our results indicate that the test 
has high specificity. There were only 
2% false-positive results (Table 1), and 
in all these cases, there was evidence 
of a neuritislike clinical picture.” 
Also, the sensitivity is very high; of 
the 138 eyes with ON, 85.5% had a 
definitely pathologic result (Table 1). 
Patients with a very rapid recovery, 
within a few days, are the first to 
show false-negative results. They are 
examined “too late,” because their 
active stage is nearly completely over. 
It must be emphasized that the flicker 
test results depend on the activity of 
the inflammation and not mainly on 
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Fig 3.—Brightness sensation by flicker frequency in arbitrary units (au) 


and luminance values (cd/m°) in patients with optic neuritis during 
different stages of disease. Arrows indicate luminance of steady field at 
O Hz. Stage 1 (n = 26), There is drop in curve of subjective brightness 
without any brightness enhancement. Stage 2 (n = 27), Drop in curve 
is less marked. Minimum has shifted slightly to higher frequencies. Late 
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the extent of impairment of the other 
visual functions. For example, pa- 
tients may have a markedly patholog- 
ic flicker test result combined with 
only a discrete reduction of visual 
acuity, especially in recurrent at- 
tacks.‘ On the other hand, the flicker 
test result can return to normal when 
the visual acuity is still reduced. 
High specificity has also been 
reported by other authors.’ High 
sensitivity was confirmed by one 
study group’ but not by another, 
mainly due to different criteria of 
evaluation. The flicker test had a 
markedly higher specificity than 
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maximum has appeared. Stage 3 (n = 21), Only late maximum is 


present. Stage 4 (n = 12), Flat running curve. Stage 5 (n = 23), 


VEPs, which can also yield pathologic 
results in vascular and compression- 
induced optic nerve disease, in optic 
atrophy with other causes, and in 
other diagnoses.” The sensitivity of 
the flicker test probably has the same 
range as that of the VEPs. Various 
studies based on different criteria and 
methods of stimulation were analyzed 
in detail by Diener,” who calculated 
the weighted average value of 76%. 
Other methods in the diagnosis of 
ON either are not as specific or not 
much is known about their specificity; 
often they depend on visual acuity, or 
the measured quantity remains 


Briicke-Bartley effect at 8 to 10 Hz. 


impaired after the inflammation has 
subsided.?!** 


Results Depending on Stage of Disease 


At first examination, patients can 
be in quite diverse stages. Fig 3 dem- 
onstrates that the curve behavior is 
mainly dependent on the stage of the 
disease. At the onset of disease there 
is only a decrease in subjective bright- 
ness at medium frequencies (Fig 3, 
stage 1). A late maximum then 
appears, first associated with a drop 
in the curve (Fig 3, stage 2), then 
isolated (Fig 3, stage 3). It is evident 
that a late maximum indicates that 
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the disease is fading away. Conse- 
quently, a late maximum cannot be 
found in all patients, because they 

- come for examination at all different 
stages of their disease. On the other 
hand, when a patient comes for first 
examination when recovery has 
already begun, only a late maximum 
without a drop in the curve can be 
found. At this stage, the visual acuity 
may already have normalized. Pa- 
tients often give an account of an 
Uhthoff phenomenon. (Uhthoff” was 
the first to describe transient visual 
blurring caused by exercise in 
patients with MS. Such short-lived 
impairment of visual functions caused 
by heat disposition, emotional distur- 
bance, and other factors was reported 
later by different authors.°* A 
reversible conduction block in demye- 
linated fibers induced by a rise in 
temperature is suggested; the phe- 
nomenon is of clinical relevance 
because it is a sign of active, mostly 
subsiding ON.) Since an Uhthoff phe- 
nomenon may be.the only remaining 
symptom of ON for quite some time, 
the presence of a late maximum pro- 
vides support for this subjective com- 
plaint. 

During further recovery the late 
maximum also disappears, and the 
curve is then either flattened or shows 
(in most cases) a Briicke-Bartley 
effect at 8 to 10 Hz (stage 5). The 
normalization of the flicker test 
results indicates that the active stage 
is over. Thus, the flicker test allows 
discrimination among five different 
stages during the course of ON. 


Significance of Determination 
of Active Stage 


Since the brightness sensation of 
flickering light normalizes after the 
inflammation has subsided even 
though other visual functions may 
remain impaired’ and the delayed 
latencies of VEPs usually persist,” 
the flicker test makes it possible for 
the first time to determine the dura- 
tion of the active stage of an ON. This 
has the following consequences: 

1. A prognosis can be made accord- 
ing to the visual functions in individu- 
al cases. Not all patients reach full 
restitution. The active stage can end 
at quite different levels of visual acu- 
ity.* As long as the flicker test result 
is still pathologic, there is a chance of 
improvement of visual function. After 
complete normalization of the flicker 
test result, no improvement of visual 
function is to be expected. A detailed 
correlation of the flicker test results 
with clinical findings was reported on 
previously.‘ 
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2. A general classification can be 
made of the courses of disease. The 
flicker test permits a distinction 
among acute, chronic, recurrent, 
diminishing, and subsided ON (Table 
3). This decision is usually impossible 
on the basis of VEPs and is often 
clinically ambiguous. When trying to 
determine whether there is a history 
of ON, of course, VEPs represent the 
method of choice. Thus, VEPs and the 
flicker test are valuable supplements 
(Table 3). This differentiation of the 
various disease courses is of special 
value in atypical and abortive cases, 
such as recurrent attacks, as well as in 
the rare cases with chronic courses in 
which the disease smolders for many 
months, raising quite a few difficul- 
ties in differential diagnosis.” 

3. The evaluation of a therapeutic 
effect in ON is difficult because spon- 
taneous remission is usual.” Thus, a 
judgment is possible only by means of 
double-blind studies. Until now, no 
study (there have been one single- and 
two double-blind studies) could dem- 
onstrate a therapeutic effect of corti- 
sone on ON.”“® These studies were 
limited in several ways, and the optic 
nerve function was not measured by 
very sensitive indicators, as empha- 
sized by Cox and Woolson* and Mil- 
ler.“ The flicker test, with its ability 
to determine the active stage, pro- 
vides a subtle measure to judge the 
course of the disease and might offer 
new possibilities; eg, for assessing the 
effect of therapy. 

Independent of pharmacologic 
treatment, determination of the 
active stage has practical relevance. 
We advise patients with active ON to 
avoid overexertion and exposure to 
high temperatures. Furthermore, the 
frequency of recurrent attacks of ON 
has significance in the immunosup- 
pressive treatment of MS, because 
immunosuppression is only effective 
in patients with the recurrent type of 
MS, not in the chronic progressive 
cases.“ 


Pathophysiologic Aspects 


A detailed report on a hypothetical 
model explaining the pathologic phe- 
nomena in the flicker test has already 
been given.’ Only a short summary of 
these considerations will be offered 
here: A phase shift between off- and 
on-center neurons may produce a pre- 
dominance of off-center cells, result- 
ing in darkness enhancement at medi- 
um frequencies. During recovery, such 
a phase shift may cause a predomi- 
nance of on-center responses, result- 
ing in a brightness enhancement at 
low frequencies. Another, possibly 


"See eo 


additional reason for the predomi- 
nance of off-center neurons may be 
selective damage of fibers, affecting 
mainly x-on-center-neurons, due to 
anatomic and functional differences 
of these cells. 

In summary, the Aulhorn flicker 
test is beneficial in distinguishing ON 
from other optic nerve pathologic con- 
ditions and in determining the stage 
of ON. 
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Chemotactic Activity of Aqueous Humor 


A Cause of Failure of Trabeculectomies? 


Jeremy P. Joseph, MBBS, DO; Ian Grierson, PhD; Roger A. Hitchings, FRCS 


@ The chemoattractant activity for 
ocular fibroblasts of the aqueous humor 
of patients undergoing glaucoma surgery 
was evaluated in 48-well microchemo- 
taxis chambers and compared with con- 
trol specimens from patients undergoing 
cataract extractions. All specimens were 
chemoattractant, but those from patients 
who had previously undergone glaucoma 
surgery that had failed were of signifi- 
cantly greater activity than the controls’. 
This chemoattractant activity is primarily 
chemotactic. It consists of heat-stable 
and heat-labile components. The predis- 
position of a patient to sustain failed 
glaucoma drainage surgery may be re- 
lated to the chemoattractant activity of 
his aqueous humor, since strongly che- 
moattractant aqueous humor may encour- 
age fibrosis at the operation site. 

(Arch Ophthalmol 1989; 107:69-74) 


rabeculectomies are successful in 

controlling the elevated intraocu- 
lar pressure of chronic simple glauco- 
ma in over 85% of cases.'? However, in 
children, blacks,‘ patients with neo- 
vascular*> and aphakic glaucomas,° 
and patients who have previously 
undergone failed glaucoma surgery,‘ 
the results of drainage surgery are far 
less successful. It is unknown why a 
particular patient is predisposed to 
surgical failure. 
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The role of aqueous humor in the 
success of drainage surgery is also 
controversial. Kornblueth and Tenen- 
baum’ proposed that aqueous humor 
had an inhibitory effect on the growth 
of cells in tissue culture. Epstein,’ 
however, found exactly the opposite 
effect in vivo and ascribed a fibrosing 
response to aqueous humor. Teng et 
al? postulated that aqueous humor 
had a degenerative effect on collagen, 
while work from the laboratory of 
Herschler et al% has led to the postu- 
late that there is an inhibitory factor 
for fibroblast proliferation present in 
normal aqueous humor but absent in 
some patients with glaucoma. Recent- 
ly, Joseph et al have shown that 
normal rabbit aqueous humor is che- 
motactic for rabbit Tenon’s capsule 
fibroblasts. 

The failure of trabeculectomies is 
most commonly associated with a 
fibrotic response at the wound site 
that involves primarily Tenon’s cap- 
sule.'® In a model of failing fistulizing 
surgery in the rabbit and in nonhu- 
man primates,” fibroblast migration 
to the operation site, together with 
fibroblast proliferation, has been 
shown to play a fundamental role in 
obstruction of the fistula. Since aque- 
ous humor bathes the connective tis- 
sues surrounding a filtering bleb, we 
investigated the chemotactic activity 
for fibroblasts of different kinds of 
glaucomatous aqueous humor and 
compared this with aqueous humor 
taken at cataract surgery. 


MATERIALS AND METHODS 
Rabbit Fibroblasts 


The method of growing rabbit fibroblast 
cells has been previously described.'* The 
care and use of animals in experiments 
were conducted under license of the British 


Home Office, which conforms with the 
Association for Research in Vision and 
Ophthalmology Resolution on the Care of 
Animals in Research. Biopsy specimens of 
Tenon’s capsule were taken from five New 
Zealand white rabbits. The primary ex- 
plants were placed in 25-cm? plastic tissue 
culture flasks (Sterilin, Fletham, England) 
and incubated at 37°C in 5% carbon diox- 
ide-95% air. The cultures were fed twice 
weekly with F10 medium containing 10% 
newborn-calf serum, 100 mg/L of strepto- 
mycin sulfate and 100 U/mL of penicillin G 
sodium, and 0.25 U/mL of amphotericin B 
(Gibeo, Paisley, Scotland). Cells grown 
from the primary explants reached conflu- 
ence within three to four weeks, whereup- 
on the cultures from the five different 
animals were bulked together and pas- 
saged. The cells were used between pas- 
sages 2 and 5 in the chemotaxis experi- 
ments and divided into four to ten flasks at 
each passage. 


Human Fibroblasts 


Biopsy specimens of conjunctiva, sclera, 
and Tenon’s capsule were taken from three 
eye-bank eyes. Explants were cultured 
under similar conditions as those described 
above but with an additional 10% fetal calf 
serum to the culture medium. The cells 
were used between passages 2 and 4, with 
the cells divided into two to four flasks at 
each passage. Although all the cultured 
cells behaved similarly in the chemotaxis 
chamber, a culture of scleral fibroblasts 
that exhibited the most exuberant and 
dependable growth was selected for the 
majority of the experiments. 


Chemotaxis 


Chemotaxis was undertaken in 48-well 
microchemotaxis chambers (Neuro Probe, 
Cabin John, Md), based on the original 
Boyden Chamber.'* Polycarbonate mem- 
branes of 10-um thickness and with 8-um 
pores were used (Nucleopore, Pleasanton, 
Calif). Membranes containing the wetting 
agent polyvinylpyrrolidine were treated 
with gelatin to promote the adherence of 


Aqueous Humor—Joseph et al 69 


4 
J 
a 

| 
i 
i 
F! 


p » 
— 


- 











a 
_ 


ee 


bha ia 


i 
ae ese N 


’ 
f 


cells.” The chemoattractants were placed 
in the lower chambers of the array, and 
dilutions were made with serum-free F10 
medium. 

The fibroblasts were used just as they 
became confluent four to seven days after 
passaging. The cells were detached from 
their culture flasks by three minutes’ expo- 
sure to 0.25% trypsin and 0.02% ethylene- 
diaminetetraacetic acid (EDTA) disodium 
salt. Exposure to trypsin for longer than 
this has been shown to reduce chemotactic 
activity.” Cells were suspended in F10 
medium with 10% newborn-calf serum 
and then centrifuged at 300 g for ten 
minutes. They were then washed once 
with serum-free F10 medium, counted with 
a Coulter counter (model ZF, Coulter 
Electronics Ltd, Luton, England), and 
finally suspended at a concentration of 
T X 10° cells/mL in serum-free F10 medi- 
um. Fifty microliters of cell suspension 
was added to each of the upper chambers 
of the array. 

The chemotaxis chambers were incu- 
bated at 37°C in 5% carbon dioxide-95% 
air for four hours in the ease of rabbit cells 
or six hours for the human cells. The 
polycarbonate membrane was removed 
from the chamber, fixed with 100% alco- 
hol, and stained with hematoxylin. Mem- 
branes were mounted on glass slides and 
examined with a light microscope (Olym- 
pus, Tokyo, Japan) at X1000 magnification. 
The number of cells that had migrated 
through the pores toward the chemoat- 
tractant was estimated by counting cell 
nuclei on the distal side of the membrane. 
Twenty fields were examined for each of 
the 48 chambers. This represented 0.54 
mm? or “sth of the membrane in each 
chamber. Specimens of membrane were 
also prepared for scanning and transmis- 
sion electron microscopy. 


Fibronectin 


Bovine fibronectin (Sigma, Poole, En- 
gland) was stored at —20°C. In all chemo- 
taxis assays, fibronectin was run as a 
positive control since it is a known che- 
moattractant for fibroblasts. We have pre- 
viously shown 20 mg/L of fibronectin to be 
the optimal chemoattractive dose for rab- 
bit Tenon’s capsule fibroblasts. 


Aqueous Humor 


Samples of aqueous humor were taken 
from patients undergoing intraocular sur- 
gery. All specimens were taken as the first 
intraocular maneuver, as close to the start 
of surgery as possible. Aqueous humor was 
aspirated into a 1-mL syringe attached to a 
27-gauge needle. Care was taken not to 
touch the iris, lens, or corneal endothelium 
with the end of the needle. Approximately 
100 „L was obtained from each patient, 
without totally flattening the anterior 
chamber. Due to the small volume of the 
specimens, not all of the experiments could 
be performed on all of the specimens. 
Samples were therefore chosen at random 
for a particular experiment. 

A total of 57 specimens of aqueous 
humor, from 57 eyes, were obtained as 
outlined in Table 1 and stored at —20°C, 
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Table 1.—Derivation of Samples of Aqueous Humor 


Source 


Extracapsular cataract extractions 26 





Trabeculectomy as primary 
antiglaucoma therapy (primary 
trabeculectomy) 


Trabeculectomy after failed 
medical therapy (secondary 


trabeculectomy) 


Reoperations 
Second trabeculectomy 


Implantation of silicone tube2° 


Patient No./Sex/ 
Age, y/Diagnosis 


Specimens 


Operation 


Mean + SD 
Patient Age, y 


70.8 + 12.8 


No. of 


No. of 
Other 
Operations 


No. of Previous 
Glaucoma 
Operations 


Lens 
Status 


1/F/49/congenital cataracts Tube 4 Aphakic 2 


2/M/69/penetrating injury (31 Tube 
y ago) 
3/F/59/chronic narrow angle 


glaucoma 
4/M/37/chronic anterior 
uveitis 
5/F/51/heterochromic cyclitis 
6/F/20/congenital cataracts 


7/F/61/primary open angle 
glaucoma 


8/M/3/buphthalmos 
9/F/27/Rieger’s syndrome 


Tube 


Tube 


Tube 
Tube 


Tube 


Trabeculectomy 


Trabeculectomy 


2 Aphakic 3 


2 Aphakic 1 


3 Aphakic 1 


1 Aphakic 1 
(0) Aphakic 4 
Phakic 


Phakic 
Phakic 





*Tube indicates implantation of silicone tube. All patients had undergone previous surgery at least ten 


months before our study. 


which retains their chemoattractant activ- 
ity. Dilutions of aqueous humor were made 
with serum-free F10 medium. Table 2 doc- 
uments the patients undergoing reopera- 
tion. All previous surgery on these, patients 
had been undertaken at least ten months 
before the present study. Of; the nine 
patients in this group, seven had previous- 
ly undergone glaucoma surgery that had 
failed. The other two patients were pro- 
spectively included in this category. One 
patient had not had previous glaucoma 
surgery, but was included, as she was 20 
years of age, aphakic, and had had a previ- 
ous encirclement for a retinal detachment 
and previous strabismus surgery. The oth- 
er patient was 27 years of age, and had 
Rieger’s syndrome and high myopia. She 
had not previously undergone intraocular 
surgery but underwent implantation of a 
silicone tube and gutter,” based on the 
expectation of an unsuccessful trabeculec- 
tomy. 

Of the 22 patients undergoing a first 
trabeculectomy, two patients had preoper- 
atively undergone a YAG-laser iridotomy 
at nine and 24 months, respectively. One 
other patient had undergone a surgical 
transcorneal peripheral iridectomy 12 
months preoperatively. The remaining 19 
patients had undergone no previous ocular 
surgery. All 26 patients undergoing cata- 
ract extraction had no other ocular disease 
and had not previously undergone ocular 
surgery. 


Characterization of Chemoattractant 
Activity of Aqueous Humor: 
Checkerboard Analysis?' 


Checkerboard analyses were performed 
separately on three randomly selected 
specimens of aqueous humor taken from 
patients undergoing cataract extraction as 
well as on three specimens from patients 
undergoing reoperation. This involved add- 
ing aqueous humor to both upper and 
lower wells of the chemotaxis chamber so 
that the fibroblasts were exposed to (1) a 
positive gradient of chemoattractants (in- 
creasing concentrations of aqueous humor 
in the lower wells alone), (2) a negative 
gradient of chemoattractants (increasing 
concentrations of aqueous humor added 
only to the upper wells, in conjunction with 
the cells), and (3) no gradient of aqueous 
humor but merely an increasing concen- 
tration of aqueous humor, equal in both 
upper and lower wells. 


Boiling 


Six specimens of aqueous humor from 
patients undergoing cataract surgery were 
selected at random. An aliquot of each 
specimen was boiled for five minutes in a 
sealed container, thus ensuring that the 
volume of each specimen remained con- 
stant. This has been previously shown to 
deactivate the chemotactic activity of 
fibronectin.'* Boiled and unboiled samples 
of each specimen were then run in a che- 
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moattraction assay at 20% concentrations. 
A checkerboard analysis was also per- 
formed on one specimen of boiled aqueous 


_ humor. 


P 


Assessment of the Integrity of the 
Blood-Aqueous Humor Barrier 


The aqueous humor from patients 
undergoing cataract extraction was subdi- 
vided according to whether the patients 
received 1% indomethacin drops (in sesa- 
me oil) four times a day preoperatively in 
the eye to be operated on. Indomethacin 
was occasionally used by two of the sur- 
geons who provided aqueous humor sam- 
ples to prevent preoperative miosis. The 
decision to use indomethacin was made 
entirely independently of our study. Indo- 
methacin is known to stabilize the blood- 
aqueous humor barrier in rabbit eyes, a 
species well acknowledged to have an 
extremely fragile barrier.” 


Protein Estimation 


Protein estimation was performed on 
nine specimens of aqueous humor, chosen 
at random, derived from patients undergo- 
ing cataract extraction. The samples were 
analyzed using the method of Lowry et al.” 
Human quality control serum (NEQAS, 
Birmingham, England) was used as a stan- 
dard and the results were read using a 
Bichromatic Analyzer 100 (Abbott Labo- 
ratories, Chicago) between 550 and 650 
nm. 


RESULTS 


Scanning and transmission electron 
microscopy of fibroblasts that had 
migrated through the pores in the 
polycarbonate membrane demon- 
strated that the cells were of a normal 
morphological appearance and were 
indistinguishable from control cells 
not subject to the assay. This indi- 
cates that the assay conditions, 
including passage through the pores, 
is not harmful to the cells. 


Aqueous Humor Derived From Patients 
With Cataracts 


All the specimens of cataractous 
aqueous humor taken at cataract sur- 
gery were chemoattractant to rabbit 
and human ocular fibroblasts. Figure 
1 shows the dose-response curve for 
three specimens of aqueous humor 
run simultaneously, using human 
scleral fibroblasts as the indicator 
cells. The response is considerably 
greater than that of the positive con- 
trol of 30 mg/L of fibronectin, a con- 
centration we demonstrated to be 
optimally chemoattractant for these 
cells. Using rabbit Tenon’s capsule 
fibroblasts as the indicator cells, the 
response is similar, but with maxi- 
mum fibroblast migration seen at 
20% aqueous humor. The percentage 
migration of settled rabbit cells is also 
higher than with human cells. Similar 
dose-response curves have been con- 
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Fig 1.—Dose-response curve of aqueous humor from patients with cataracts (n = 3). Vertical 
bars indicate SEM; horizontal line, response to positive control of 30 mg/L of fibronectin + SEM. 
Human scleral fibroblasts have been counted in 20 fields at X 1000 magnification. 


firmed twice using human cells and 
five times using rabbit cells. 


Comparison of Aqueous Humor Samples 


All specimens of aqueous humor 
taken from patients undergoing glau- 
coma surgery were again found to be 
chemoattractant to both rabbit and 
human ocular fibroblasts. Figure 2 
shows the response of a total of 40 
specimens of aqueous humor run 
simultaneously at a 40% concentra- 
tion. Human scleral fibroblasts were 
used as the indicator cells for this 
figure, but the same result was seen 
when rabbit Tenon’s capsule fibro- 
blasts were used, although the num- 
ber of cells migrating in each category 
was greater. Analysis of variance 
comparing the chemoattractant activ- 
ity of the group that had previously 
sustained failed glaucoma surgery 
with the control patients undergoing 
cataract surgery showed a significant 
increase of chemoattractant activity 
in this group (P < .01), ie, the aqueous 
humor chemoattractant activity of 
patients who have had failed glauco- 
ma drainage surgery is significantly 
greater than that of the control 
patients with cataracts. The chemoat- 
tractant activity of the aqueous 
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Fig 2.—Response of human scleral fibro- 
blasts to various kinds of aqueous humor. All 
specimens of aqueous humor from patients 
with cataracts (n = 13), reoperations (n = 8), 
secondary trabeculectomies (n = 13), and 
primary trabeculectomies (n = 6) have been 
run in duplicate at 40% concentration. Vertical 
bars indicate SEM; asterisk, significant 
(P < .01) difference from control aqueous 
humor of patients with cataracts. Human 
scleral fibroblasts have been counted in 20 
fields at X 1000 magnification. 
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Fig 3.—Checkerboard analyses of aqueous humor. Samples added to upper and lower wells so that rabbit Tenon’s capsule 


- fibroblasts were exposed to (1) positive gradient of chemoattractants (increasing concentrations of aqueous humor in lower 
4 _ wells alone), (2) negative gradient of chemoattractants (increasing concentrations of aqueous humor added only to the upper 
wells in conjunction with the cells), or (3) equal concentrations of chemoattractant across the membrane (aqueous humor 
added to both upper and lower wells). Numbers indicate numbers of rabbit Tenon’s capsule fibroblasts counted in 20 fields at 
X 1000 magnification. Left, Aqueous humor from patient undergoing cataract extraction. Right, Aqueous humor from patient 
undergoing reoperation. Both show predominantly chemotactic response, ie, increased numbers of cells migrating to positive 
gradient of chemoattractants. At low doses of aqueous humor there is moderate chemokinetic response, ie, increased 
random migration, but this is reduced at higher doses (between diagonal lines). Similar checkerboards have been obtained 
with four other specimens of aqueous humor. 
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Fig 4.—Effect of boiling on chemoattractant 
response of aqueous humor. Rabbit Tenon’s 
capsule fibroblasts were exposed to aliquots 
of aqueous humor boiled for five minutes and 
to unboiled samples at 20% concentrations 
(n = 6). Boiling reduces chemoattractant 
response by 50% (P < .001). Vertical bars 
indicate SEM. Cells have been counted in 20 
fields at X 1000 magnification. 
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humor of patients undergoing prima- 
ry or secondary trabeculectomies did 
not differ significantly from the con- 
trol specimens. 

While the mean age of the patients 
undergoing reoperation was signifi- 
cantly less than the control patients 
with cataracts, there was no signifi- 
cant correlation between ages of the 
patients and aqueous humor chemoat- 
tractant activity. Therefore, the age 
difference between the groups was not 
likely to account for the observed dif- 
ference in chemoattractant activity. 


Characterization of the Chemoattractant 
Activity of Aqueous Humor 


A chemoattractant is a chemical 
substance that causes cells to migrate. 
This migration is of two basic types: 
chemotaxis is the directed migration 
of cells along a concentration gradient 
of the chemical substance and it dif- 
fers from chemokinesis, which is 
merely the accelerated random mo- 
tion of cells in response to a chemical 
substance. These two types of fibro- 
blast migration can be differentiated 
by a checkerboard analysis.” In the 
presence of an increasingly positive 
gradient of aqueous humor, an 
increasing number of cells migrate. 


This indicates a potent chemotactic 
effect. When the fibroblasts were sub- 
jected not to a gradient of aqueous 
humor but merely to an increasing 
concentration, equal in both the upper 
and lower wells of the chamber, an 
increasing number of cells migrated 
at low doses of aqueous humor, but 
this tended to fall off at higher doses. 
This indicates a moderate chemoki- 
netic response. Thus, checkerboard 
analysis demonstrated that the che- 
moattractant activity of aqueous 
humor taken from patients with cata- 
racts was primarily chemotactic with 
a smaller chemokinetic component. 
Figure 3, left, shows a representative 
example. A similar, but greater 
response is seen with the aqueous 
humor derived from patients un- 
dergoing repeated drainage surgery, 
of which a representative example is 
shown in Fig 3, right. All six checker- 
boards run using aqueous humor 
showed a similar trend. 

Boiling reduces the chemoattrac- 
tant activity of cataractous aqueous 
humor by about 50% (P < .001, paired 
t test) as shown in Fig 4. The remain- 
ing chemoattractant activity was 
shown by checkerboard analysis to be 
chemotactic. 
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Assessment of the Integrity of the 
Blood-Aqueous Humor Barrier 


The mean (+SEM) protein level of 
the nine specimens of cataractous 
aqueous humor assessed was 36.2 + 
4.0 mg/100.mL, with a range from 25.5 
to 63 mg/100 mL. The small number of 
samples assessed precludes detailed 
statistical analysis. However, there 
was a small, but statistically nonsig- 
nificant, trend of increased chemoat- 
tractant activity with increased aque- 
ous protein concentration. High pro- 
tein levels did not appear to be related 
to a particular surgeon or surgical 
technique. 

Of the 12 patients with cataracts 
whose aqueous humor was randomly 
selected and run in a single experi- 
ment, five received 1% indomethacin 
drops (in sesame oil) four times daily 
preoperatively for 24 hours. When 
compared with the seven patients who 
had not received indomethacin preop- 
eratively, there was no significant dif- 
ference in the chemoattractant activi- 
ty of their aqueous humor. 


Follow-up of Patients Undergoing a 
First Trabeculectomy 


Of the 22 patients undergoing a 
first trabeculectomy, followed up for a 
mean of nine months (range, five to 13 
months), all but two attained an 
intraocular pressure less than 21 mm 
Hg without additional medication. Of 
the remaining two patients, one 
attained an intraocular pressure of 18 
mm Hg with the addition of 0.25% 
timolol maleate drops administered 
twice daily; the other patient’s pres- 
sure was 28 mm Hg while he received 
1% pilocarpine hydrochloride drops 
four times daily. However, there was 
no progression of visual field loss at 
this pressure. Both of these patients 
had previously undergone YAG-laser 
iridotomies; one underwent a primary 
trabeculectomy and the other, a sec- 
ondary trabeculectomy. There did not 
appear to be an association between 
the level of chemoattractant activity 
in their aqueous humor and the fact 
that they had not had a totally suc- 
cessful surgical result. The other 
patient in this group who had previ- 
ously undergone a surgical iridectomy 
had a successful surgical result, with 
an intraocular pressure of 7 mm Hg at 
13 months postoperatively. 


COMMENT 


This study shows that human aque- 
ous humor is chemoattractant to both 
rabbit and human ocular fibroblasts. 
Rabbit cells were used in most of the 
experiments because they are more 
robust and therefore easier to manip- 
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ulate than human cells. They also 
grow more profusely than human 
cells, thus allowing a greater number 
of experiments to be performed with 
cells of low passage number, which 
may more accurately reflect the 
behavior of cells in vivo. However, 
qualitatively, the results were very 
similar, although there were quanti- 
tative differences in the number of 
cells migrating, ie, human cells 
migrate less readily than rabbit cells. 
These results are very similar to and 
confirm those previously described in 
a pilot study using only rabbit aque- 
ous humor and rabbit Tenon’s capsule 
fibroblasts." 

When the activity of the aqueous 
humor of control patients undergoing 
cataract extractions is compared with 
that of patients undergoing glaucoma 
surgery, it is apparent that there is 
significantly greater chemoattractant 
activity in patients who have previ- 
ously undergone failed glaucoma sur- 
gery. This chemoattractant activity 
has been demonstrated by checker- 
board analysis”! to be primarily che- 
motactic with a smaller chemokinetic 
component. It consists of a heat-labile 
and a heat-stable component. 

Paracentesis of the anterior cham- 
ber can lead to breakdown of the 
blood-aqueous humor barrier. Like- 
wise, manipulation of the eye at the 
start of surgery before taking the 
aqueous humor sample may damage 
the barrier. This is more likely to 
occur in eyes that have undergone 
multiple surgical procedures. Protein 
level estimations of aqueous humor 
taken from patients undergoing cata- 
ract extraction were normal.” This is 
evidence of preservation of the blood- 
aqueous humor barrier after paracen- 
tesis. Some of the patients undergoing 
cataract extraction had been treated 
with indomethacin preoperatively to 
diminish preoperative miosis. We 
could demonstrate no difference in 
the chemoattractant activity of their 
aqueous humor compared with simi- 
lar untreated patients. 

Further evidence of preservation of 
the blood-aqueous humor barrier in 
the patients undergoing repeated sur- 
gery after previously undergoing 
failed drainage surgery is the fact 
that a predominantly chemotactic 
effect was seen with their aqueous 
humor. At low aqueous humor concen- 
trations there was a moderate chemo- 
kinetic effect, but this was reduced at 
higher doses. Influx of protein, partic- 
ularly albumin, into the aqueous 
humor as a result of breakdown of the 
barrier would be expected to produce 
a far greater chemokinetic effect that 


would increase with higher concentra- 
tions of aqueous humor.” 

The aqueous components responsi- 
ble for the chemoattractant effect are 
at present unknown. However, there 
are numerous substances that have 
been shown to be chemoattractants 
for nonocular fibroblasts, including 
elastin,* tropelastin,”’ collagen,” fi- 
bronectin,” fibronectin peptides,” 
platelet-derived growth factor,” leu- 
kotriene B,” coagulation products,” 
lymphokines,” and activated comple- 
ment.** We have previously demon- 
strated that fibronectin is chemoat- 
tractant to rabbit Tenon’s capsule 
fibroblasts, and this has been con- 
firmed using human ocular fibro- 
blasts. Fibronectin has been measured 
in bovine aqueous humor at 2.46 mg/ 
L.* It is likely to be present in human 
aqueous humor since it is synthesized 
by human meshwork cells in tissue 
culture, and by corneal endothelial 
cells.” However, if the level is similar 
to that in bovine aqueous humor, it 
will contribute little to the chemoat- 
tractant activity of human aqueous 
humor. Other than fibronectin, no 
other chemoattractants have yet been 
demonstrated in normal aqueous 
humor, although many of the above 
substances are likely to occur in “in- 
flammatory” aqueous humor postop- 
eratively. In addition, a platelet- 
derived growth factor-like substance 
has recently been identified in the 
vitreous and this could conceivably 
leak into the aqueous humor.” This 
substance also retains its chemoat- 
tractant activity after boiling.” 

What this study has not demon- 
strated is whether the increased che- 
motactic activity seen in the aqueous 
humor of the “complex” patients who 
have undergone failed glaucoma 
drainage surgery predated the unsuc- 
cessful surgery or was caused by it. A 
prospective study of patients undergo- 
ing a first trabeculectomy would be 
needed to clarify this point. This 
would need to include patients at high 
risk of surgical failure, as mentioned 
above. However, because the failure 
rate of trabeculectomy is less than 
15%,'* large numbers of patients 
would have to be included in the 
study, which, technically, would be 
extremely difficult using the appara- 
tus described. Even if this change 
were produced by the unsuccessful 
surgery, it would help to explain why 
repeated trabeculectomies have a low- 
er chance of success than first trabec- 
ulectomies. 

We have also not attempted to 
investigate the fibroblast chemoat- 
tractants produced by the inflamma- 
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tory process at the site of surgery. 
Without doubt, the acute inflammato- 
ry response will influence the forma- 
tion of fibrous tissue at the operation 
site. However, study of these factors 
would necessitate taking specimens 
postoperatively from patients who 
had undergone glaucoma surgery, 
which would not be ethically accept- 
able. Animal models of failing glauco- 
ma surgery’* would be needed to clari- 
fy these factors. This study has shown 
that rabbit ocular fibroblasts behave 
very similarly to human cells, which 
indicates that data from such animal 
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studies are likely to be relevant to the 
human situation. 

Further studies are under way to 
identify drugs that inhibit the chemo- 
tactic activity of aqueous humor for 
fibroblasts. Since the response of the 
rabbit Tenon’s capsule fibroblasts to 
aqueous humor and other chemoat- 
tractants appears to be very similar to 
that of human cells, either cell type 
could be used for further studies. 
However, since rabbit cells grow more 
prolifically than human cells and are 
easier to manipulate, rabbit fibro- 
blasts could be used as a first line for 
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Cytomegalovirus Retinitis and 


Acquired Immunodeficiency Syndrome 


Douglas A. Jabs, MD; Cheryl Enger, MS; John G. Bartlett, MD 


è in a series of 157 patients with 
acquired immunodeficiency syndrome 
(AIDS), 46 (29%) developed cytomegalo- 
virus (CMV) retinitis. In five patients, CMV 
retinitis was the initial AlDS-defining 
opportunistic infection (11% of patients 
with CMV retinitis and 3% of patients with 
AIDS). Retinal detachments developed in 
seven patients (15%) and in four were 
present before the institution of ganciclo- 
vir therapy. Bilateral CMV retinitis was 
present in 35% of patients at presenta- 
tion and subsequently developed in nine 
(60%) of 15 patients while not being 
treated with ganciclovir. Conversely, 
none of 18 patients with unilateral dis- 
ease developed bilateral disease while 
receiving ganciclovir. Of patients treated 
with ganciclovir for their CMV retinitis, 
81% had a response to the drug, and 61% 
achieved a complete response, resulting 
in a nonprogressive and inactive scar. 
Patients who achieved a complete 
response with ganciclovir had a signifi- 
cantly longer survival than those who did 
not, suggesting greater immune compro- 
mise in those patients who failed to 
respond to ganciclovir. 

(Arch Ophthalmol 1989; 107:75-80) 


rpne ocular manifestations of the 
acquired immunodeficiency syn- 
drome (AIDS) include (1) a noninfect- 
ious retinal microangiopathy, consist- 
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ing of cotton-wool spots with or with- 
out intraretinal hemorrhages and 
other microvascular changes; (2) 
opportunistic ocular infections; (3) 
conjunctival, eyelid, or orbital in- 
volvement by those neoplasms seen in 
patients with AIDS, ie, Kaposi’s sar- 
coma and lymphoma; and (4) neuro- 
ophthalmic lesions. Cytomegalovirus 
(CMV) retinitis is the most common 
opportunistic ocular infection in 
patients with AIDS and occurs in 
approximately 20% to 25% of these 
patients. Estimates of the prevalence 
of CMV retinitis in patients with 
AIDS in the United States have varied 
from 6% to 38%." 

Untreated CMV retinitis appears to 
be a progressive and potentially blind- 
ing disorder. Relatively early in the 
AIDS epidemic, an investigational 
antiviral drug, ganciclovir, became 
available for the treatment of life- 
threatening and sight-threatening 
CMV infections. Multiple open- 
labeled studies have reported the effi- 
cacy of ganciclovir in the treatment of 
CMV retinitis.” These studies have 
generally shown that ganciclovir will 
arrest the progression of the disease 
and convert an active-appearing reti- 
nitis into an inactive scar. However, 
the drug appears to have a virostatic 
effect, and relapse of CMV retinitis 
occurs when ganciclovir therapy is 
discontinued. Therefore, maintenance 
ganciclovir therapy has been used to 
prevent relapse of the retinitis. 

Ganciclovir appears to be effective 
for the treatment of CMV retinitis, 
and most series have shown that 80% 
to 100% of patients will respond to 
this therapy. However, a variable 
number of patients will have reactiva- 
tion of the retinitis while receiving 


maintenance therapy (breakthrough), 
with rates of reactivation varying 
from 9% to 50%.” 

We retrospectively analyzed our 
patients with AIDS and CMV retinitis 
in an effort to determine certain fea- 
tures concerning the natural course of 
untreated CMV retinitis and the 
effects of ganciclovir on modifying 
these features, and to investigate why 
some patients fail to respond to ganci- 
clovir. 


PATIENTS AND METHODS 


All patients seen were from the outpa- 
tient clinics or inpatient service of The 
Johns Hopkins Hospital, Baltimore. All 
patients were diagnosed as having AIDS 
according to the Centers for Disease Con- 
trol (Atlanta) definition for AIDS.” The 
diagnosis of CMV retinitis was made by 
ophthalmologic examination, and all 
patients were seen by one of us (D.A.J.). 
Culture confirmation of CMV infection 
was sought with buffy-coat preparations of 
blood cultures and urine cultures and was 
also occasionally obtained from other body 
sites (eg, lung). 

All patients treated with ganciclovir 
were enrolled in an open-labeled, compas- 
sionate-care protocol. Informed consent 
was obtained, and the patients were admit- 
ted to the hospital for induction therapy. 
Induction treatment was given at a dosage 
of 5 mg/kg every 12 hours for two weeks. 
Early in the course of using this drug, 13 
patients were treated for three weeks with 
induction therapy. Patients who could tol- 
erate induction ganciclovir were then 
placed on a maintenance ganciclovir regi- 
men at a dosage of 6 mg/kg/d, five of seven 
days (30 mg/kg/wk). Maintenance therapy 
was continued until one of the following 
events occurred: (1) the patient wished to 
discontinue ganciclovir therapy; (2) toxic 
reactions intervened, necessitating drug 
discontinuation; (3) breakthrough oc- 
curred; or (4) the patient died. Break- 
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through CMV retinitis (see below) was 
treated with a second course of induction 
therapy followed by maintenance at 5 mg/ 
kg/d (35 mg/kg/wk). All patients were 
seen before induction therapy, at one and 
two weeks after initiation of induction 
therapy, two weeks after completion of 
induction therapy, and monthly through- 
out the period of maintenance therapy. 
Patients not receiving ganciclovir therapy 
were also scheduled for follow-up at 
monthly intervals. Patients were followed 
up with fundus photography. 

Lesions were classified by their location 
as posterior, equatorial, or anterior. Poste- 
rior lesions were located within 3000 um of 
the fovea (within the temporal vascular 
arcades) or within 500 um of the optic 
nerve head. Equatorial lesions were anteri- 
or to posterior lesions but still posterior to 
the equator. Anterior lesions were strictly 
anterior to the equator. Lesions overlap- 
ping more than one zone were classified by 
their most posterior extent. 

For the purposes of this study, progres- 
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sion of CMV retinitis was defined as the 
extension of the borders of the lesions or 
the occurrence of new lesions. Active 
lesions were defined as those with retinal 
edema and necrosis at the borders. Inac- 
tive lesions had only an atrophic and gliot- 
ic retinal scar with resolution of the previ- 
ously edematous and necrotic borders 
(Figs 1 and 2). A complete response was 
defined as arrest of progression of the 
CMV retinitis with greater than 95% reso- 
lution of all evidence of active CMV retini- 
tis.> A partial response was defined as an 
arrest of the progression of CMV retinitis 
with some improvement in the ophthalmo- 
scopic picture, but without the complete 
resolution of all ophthalmoscopically visi- 
ble evidence of active CMV retinitis 
required by a complete response. Relapse 
was defined as the occurrence of new areas 
of CMV retinitis or extension of the bor- 
ders of active-appearing lesions while the 
patient was not receiving ganciclovir ther- 
apy. Breakthrough was defined as the 
occurrence of new areas of active CMV 


Fig 1.—Top left, Active cytomegalovirus (CMV) retinitis in a 
patient with acquired immunodeficiency syndrome. Bottom 
left, One month later without ganciclovir, there is enlarge- 
ment of the lesion with active edematous borders. Right, 
Complete response one month after starting ganciclovir 
therapy, with complete resolution of all ophthalmoscopically 
visible evidence of active CMV. 


retinitis or the extension of existing areas 
while a patient was receiving ganciclovir 
therapy. Because of the known bone mar- 
row suppression caused by ganciclovir, 
patients were not enrolled in this treat- 
ment protocol unless they had a pretreat- 
ment absolute neutrophil count (ANC) of 
greater than 1.0 X 10°/L. If the ANC fell 
below 0.5 X 10°/L while the patient was 
receiving treatment, ganciclovir therapy 
was temporarily interrupted. 

Comparisons between groups were made 
with Fisher’s exact test and Student’s t 
test. Survival data were analyzed by means 
of Kaplan-Meier techniques.” 


RESULTS 
Demography and Natural Course 


From 1983 to April 1988, 157 
patients with AIDS were evaluated 
for their ophthalmologic findings. The 
average age was 38 years, with a 
range of 5 to 60 years; there were 144 
men (92%) and 13 women. Of these 
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157 patients, 73% were homosexual or 
bisexual men, 13% were intravenous 
drug abusers, 5% had both risk fac- 
tors, and 9% had other risk factors, 
including heterosexual transmission, 
transfusion-related cases, and perina- 
tal transmission. Cytomegalovirus 
retinitis was found in 46 patients 
(29% ). 

For the 46 patients with CMV reti- 
nitis and AIDS, the mean age was 39 
years, with a range of 24 to 60 years. 
There were 42 men (91%) and four 
women. Of these 46 patients, 38 (88% ) 
were homosexual or bisexual men, 
three (6%) were intravenous drug 
abusers, and five (11% ) had other risk 
factors. Among the 114 homosexual or 
bisexual men, the risk of developing 
CMV retinitis was 33%, while among 
the 20 intravenous drug abusers, the 
risk was 15%. Although suggestive, 
these differences were not significant 
(P = .10). However, because of the 
small number of intravenous drug 
abusers, the power to detect a signifi- 
cant difference was only 51%, 
suggesting a possible type II error. No 
patient with both risk factors devel- 
oped CMV retinitis, and 33% (5/15) of 
patients with other risk factors devel- 
oped CMV retinitis. Cytomegalovirus 
retinitis was the initial AIDS-defin- 
ing opportunistic infection in five 
patients, representing 11% of the 
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patients with CMV retinitis and 3% of 
the patients with AIDS evaluated. 
Thirty patients (65%) had lesions 
classified as posterior, 13 (28%) as 
equatorial, and three (7%) as anteri- 
or. Fifteen patients were followed up 
for longer than one week without gan- 
ciclovir therapy, and in all 15, the 
retinitis progressed as evidenced by 
enlarging peripheral borders, as well 
as the development of new lesions 
(Fig 1). 

Six patients developed CMV retini- 
tis while being treated with zidovu- 
dine (formerly known as azidothymi- 
dine or AZT), a drug with activity 
against the human immunodeficiency 
virus, but not against CMV. Zidovu- 
dine has shown efficacy in prolonging 
survival in patients with AIDS and 
the AIDS-related complex and in 
decreasing the number of opportunis- 
tic infections.*”’ Five patients were 
followed up while receiving zidovu- 
dine, and in four the lesions pro- 
gressed without any evidence of reso- 
lution. In one patient, the lesion ini- 
tially progressed over a period of 
three months, but subsequently a 
complete response occurred and was 
maintained for seven months, until 
the patient developed CMV in his oth- 
er eye one month before his death. In 
one additional patient, a ganciclovir- 
induced remission of CMV retinitis 





Fig 2.—Left, Active cytomegalovirus retinitis in a patient with acquired immunodeficiency syndrome. Right, 
Complete response six weeks after starting treatment with ganciclovir. 


could not be maintained by zidovudine 
therapy, and the patient’s retinitis 
relapsed within one month of stopping 
ganciclovir therapy. 


Culture Results 


Cultures for CMV were obtained in 
39 of the 46 patients with CMV retini- 
tis. The seven patients from whom 
cultures were not obtained either 
declined ganciclovir therapy or were 
not candidates for ganciclovir because 
of their medical conditions. Positive 
cultures for CMV from any nonocular 
site were obtained in 36 (92%) of the 
39 patients. Blood cultures were posi- 
tive in 74% (29/39) and urine cultures 
in 49% (19/39) of the patients. In 
addition, CMV was obtained from the 
lungs at the time of bronchoscopy 
(usually performed because of Pneu- 
mocystis carinii pneumonia) in seven 
patients (18%). In only one of these 
patients was CMV pneumonia clearly 
thought to be present by the physi- 
cians caring for the patient. 


Response to Ganciclovir 


Thirty-one patients were treated 
with ganciclovir. Fifteen patients 
were not treated because ganciclovir 
was not yet available, or because they 
declined therapy, or because of medi- 
cal conditions precluding such treat- 
ment (eg, preexistent granulocytope- 
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nia). Of the 31 patients treated, 25 
(81% ) had a response to the drug, and 
in 19 (61%), the response was classi- 
fied as complete. Six patients had no 
discernible response to treatment. For 
the 19 patients who achieved a com- 
plete response, the mean (+SD) time 
from the start of ganciclovir therapy 
until a complete response was seen 
was 3l +10 days. Patients who 
achieved a complete response to gan- 
ciclovir were compared with those 
who did not for several demographic 
and ocular factors. Factors found to 
have no association with treatment 
response were age, sex, length of 
induction therapy, elapsed time 
between AIDS diagnosis and CMV 
retinitis diagnosis, and elapsed time 
between CMV retinitis diagnosis and 
institution of ganciclovir therapy. 
Factors found to be associated with a 
complete response were unilateral 
involvement at the time of diagnosis 
of CMV retinitis (P = .056), lesions 
classified as anterior or equatorial 
(P = .032), and survival (see below). 

Twenty-two patients were enrolled 
for long-term maintenance therapy. 
Breakthrough occurred in four (18% ) 
of these. The median duration of 
response in those patients without 
breakthrough was 27 weeks, with a 
range of two to 80 weeks. The four 
patients who suffered breakthrough 
retinitis did so 4, 7, 7, and 9 weeks 
after the start of induction ganciclovir 
therapy. Patients with breakthrough 
retinitis responded to reinduction 
therapy and higher maintenance 
doses. 

Neutropenia, defined as an ANC of 
less than 0.5 X 10°/L, developed in 
29% (9/31) of the patients treated 
with ganciclovir and was reversible. 
Two of these patients subsequently 
died without restarting ganciclovir 
therapy. Five patients (16% ) were not 
able to tolerate ganciclovir because of 
recurrent neutropenia each time the 
drug was reinstituted. In two addi- 
tional patients, ganciclovir therapy 
was successfully reinstituted after 
recovery of the granulocyte count. 


Bilaterality 


Sixteen (35% ) of the patients with 
CMV retinitis had bilateral disease at 
presentation. Bilateral disease devel- 
oped in another nine patients; thus, 
overall, 54% of the patients with CMV 
retinitis had bilateral disease. All 
patients with bilateral disease devel- 
oped involvement in the second eye 
while not receiving ganciclovir thera- 
py. Indeed, nine of 15 patients (60% ) 
with unilateral CMV retinitis who 
were followed up for longer than one 
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Fig 3.—Kaplan-Meier analysis of survival of all 46 patients with acquired immunodeficiency 
syndrome and cytomegalovirus retinitis from time of diagnosis of retinitis. Median survival was 5.5 
months. Broken line indicates partial or no response (n = 12); sold line, complete response 


(n = 19). 


week without ganciclovir therapy 
therapy developed CMV retinitis in 
the second eye. Conversely, none of 18 
patients with unilateral CMV retinitis 
developed a CMV lesion in the second 
eye while receiving ganciclovir thera- 
py. Five of the patients who developed 
CMV retinitis in a second eye while 
not receiving ganciclovir had been 
treated previously with ganciclovir. 
However, all developed their second 
lesions weeks after discontinuation of 
ganciclovir therapy and well after 
relapse had recurred. While 54% of 
patients ultimately developed bilater- 
al disease, bilateral disease developed 
in 81% (25/31) of the patients fol- 
lowed up while not receiving ganciclo- 
vir therapy. This result suggests that 
bilateral disease may ultimately 
develop in the majority of untreated 
patients with AIDS who have CMV 
retinitis. 


Visual Acutity 


Visual acuity data were available on 
17 eyes from untreated patients and 
47 eyes from treated patients. A final 
visual acuity of 20/40 or better was 
obtained in six (35% ) of the untreated 
eyes and 26 (55% ) of the treated eyes, 
and a final acuity of 20/200 or worse 
was found in eight (47%) of the 
untreated eyes and 16 (34%) of the 
treated eyes. In eight untreated eyes 
where serial visual acuity measure- 
ments were available, four (50% ) lost 
two or more lines of visual acuity, 
whereas only 17% of treated eyes 
(8/47) lost two or more lines of acuity. 
Furthermore, 21 (75% ) of the 28 eyes 
classified as having a complete 


response to ganciclovir maintained a 
final acuity of 20/40 or better, while 
only five (18%) had a final acuity of 
20/200 or worse. While these differ- 
ences are suggestive of a benefit of 
ganciclovir treatment, because of the 
lack of comparability of the two 
groups, variable length of follow-up, 
retrospective analysis with its poten- 
tial for bias, and small numbers 
involved, a definite benefit for ganci- 
clovir therapy on visual acuity cannot 
be unequivocally determined. 


Retinal Detachments 


Retinal detachments occurred in 
seven (15%) of 46 patients with CMV 
retinitis. In four of these, the detach- 
ments were present before the institu- 
tion of ganciclovir therapy, while in 
three they occurred after the institu- 
tion of ganciclovir therapy. In one of 
these three, the detachment occurred 
within one week of induction therapy, 
suggesting that the detachment was 
related more to the preexisting CMV 
retinitis than to the ganciclovir itself. 
Two additional patients developed a 
retinal detachment associated with 
CMV retinitis after the institution of 
ganciclovir therapy. In all cases, reti- 
nal detachments occurred only in 
those patients with lesions extending 
anteriorly to the pars plana. 


Survival 


The median survival for all patients 
with AIDS and CMV retinitis was 5.5 
months after the diagnosis of CMV 
retinitis (Fig 3). We compared the 
survival in those patients who 
achieved a complete response with 
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Fig 4.—Kaplan-Meier analysis of survival of patients with acquired immunodeficiency syndrome 
with cytomegalovirus (CMV) retinitis treated with ganciclovir from time of institution of ganciclovir 
therapy. Patients with CMV retinitis who achieved complete response with ganciclovir (n = 19) 
had significantly longer survival than those who failed to achieve complete response to drug 


therapy (n = 12). 


ganciclovir with that in those patients 
who did not achieve a complete 
response. By Kaplan-Meier analysis 
(Fig 4), the median survival from 
start of ganciclovir treatment in 
patients with a complete response was 
10.0 months, compared with 2.3 
months in those who failed to achieve 
a complete response (P = .006). Non- 
responders and partial responders did 
not differ significantly, although non- 
responders had a median survival of 
1.0 months compared with 3.1 months 
for partial responders. The average 
time from the diagnosis of AIDS to 
the diagnosis of CMV retinitis was 11 
months for the complete responders 
and eight months for those who failed 
to achieve a complete response and 
was not significantly different be- 
tween the two groups (P = .45). These 
data suggest that those patients who 
failed to achieve a complete response 
to ganciclovir may suffer from greater 
immune compromise, as evidenced by 
their shortened survival. 


COMMENT 


Because ganciclovir became avail- 
able early in the AIDS epidemic, a 
limited amount of data is available on 
the natural course of CMV retinitis in 
patients with AIDS. We performed 
this study in an effort to determine 
the natural course where available 
and to see if any systemic features 
might correlate with failure to 
respond to ganciclovir. Because our 
study is retrospective and, therefore, 
subject to potential bias of ascertain- 
ment, our data must be interpreted 
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with caution. Since not all patients 
with AIDS at The Johns Hopkins 
Hospital were referred for ophthalmic 
examination, our 29% prevalence may 
overestimate the true prevalence. 
Indeed, the total number of patients 
with AIDS seen at The Johns Hopkins 
Hospital through April 1988 was 405, 
which gives a lower limit to the prev- 
alence estimate of 11%. Since CMV 
retinitis, particularly peripheral le- 
sions, may be asymptomatic, the prev- 
alence likely lies between these two 
figures. Furthermore, since symptom- 
atic patients are more likely to be 
referred for ophthalmic consultation, 
the frequency of posterior lesions may 
also be overestimated. This caution in 
interpretation extends to our survival 
data, where a shortened survival may 
have inhibited our ability to detect a 
complete response. However, these 
results may provide a useful frame- 
work for the design of future prospec- 
tive studies. 

Early in the AIDS epidemic, it was 
suggested that the diagnosis of CMV 
retinitis was a preterminal event, 
with no patients surviving longer 
than six weeks after the diagnosis of 
CMV retinitis. Subsequently, Pales- 
tine et al’ reported that the median 
survival of patients with CMV retini- 
tis not treated with ganciclovir was 
120 days. Furthermore, Henderly et 
al reported that CMV retinitis could 
be the initial manifestation of AIDS. 
In our series of 157 patients with 
AIDS, CMV retinitis was the initial, 
AIDS-defining opportunistic infec- 
tion in 3%. This represented 11% of 


the patients with CMV retinitis and 
AIDS. The median survival of all 
patients with CMV retinitis in our 
study was 5.5 months after the diag- 
nosis of CMV retinitis, a figure simi- 
lar to the six-month survival found by 
Henderly et al.” 

Limited data are available on the 
natural course of CMV retinitis in 
patients with AIDS, but our data 
agree with previous reports that 
untreated CMV retinitis is a progres- 
sive disease. In all patients followed 
up for longer than one week without 
ganciclovir therapy, there was pro- 
gression of the retinitis. One patient 
ultimately achieved a remission while 
receiving therapy with zidovudine, 
three months after initiation of zido- 
vudine therapy. His disease initially 
progressed, but subsequently a com- 
plete response occurred and was 
maintained for a period of seven 
months, until he developed CMV reti- 
nitis in the second eye. However, this 
result was unusual, and in most 
patients zidovudine had no discernible 
effect on CMV retinitis. 

We also analyzed the probability of 
CMV developing in the second eye of 
patients with unilateral CMV retini- 
tis. Our data suggest that untreated 
CMV retinitis most often ultimately 
becomes a bilateral disease. Thirty- 
five percent of our patients presented 
with bilateral disease, and over half 
ultimately developed bilateral dis- 
ease. Furthermore, all of those 
patients with bilateral CMV retinitis 
developed it while not receiving ganci- 
clovir therapy, and 81% of patients 
with CMV retinitis followed up while 
not receiving ganciclovir ultimately 
developed bilateral disease. Converse- 
ly, no patient with unilateral disease 
developed CMV retinitis in the second 
eye while receiving ganciclovir thera- 
py. These results support the reported 
efficacy of ganciclovir in suppressing 
CMV retinitis.” 

Retinal detachments developed in 
15% of our patients with CMV retini- 
tis. While some authors have suggest- 
ed that ganciclovir may contribute to 
the formation of retinal detachments 
by inhibiting scar formation,'’” the 
majority of our patients presented 
with retinal detachments before the 
institution of ganciclovir therapy. All 
such patients had lesions extending 
anteriorly up to the pars plana. No 
patient with lesions located strictly in 
the posterior pole developed a retinal 
detachment. These results suggest 
that there is a subgroup of patients 
with CMV retinitis who are at higher 
risk for the development of retinal 
detachment. These patients represent 
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a group in whom trials of strategies 
designed to prevent the development 
of retinal detachment might be appro- 
priate. 

Our 81% response rate of patients 
to treatment with ganciclovir and 
61% complete response rate are simi- 
lar to those of other published 
studies.''? However, our 18% break- 
through rate is less than the 30% to 
50% rate reported by other au- 
thors. Reasons for these differ- 
ences in breakthrough rates remain 
unknown, but possible explanations 
include (1) patient selection; (2) dif- 
ferent definitions of response and 
complete response, leading to differ- 
ent estimates of nonresponse and 
breakthrough rates; (3) different 
induction dosages (5 mg/kg every 12 
hours compared with 2.5 mg/kg every 
eight hours) and maintenance dosages 
(we used the higher induction dosage 
and a relatively high maintenance 
dosage); and (4) other, as yet unappre- 
ciated, factors. Prospective studies 
are needed to evaluate further the 
phenomenon of breakthrough and to 
determine treatment strategies to 


1. Holland GN, Gottlieb MS, Yee RD, et al: 
Ocular disorders associated with a new severe 
acquired cellular immunodeficiency syndrome. 
Am J Ophthalmol 1982;93:393-402. 

2. Newman NM, Mandel MR, Gullett J, et al: 
Clinical and histologic findings in opportunistic 
infections. Arch Ophthalmol 1983;101:396-401. 

3. Holland GN, Pepose JS, Pettit TH, et al: 
Acquired immune deficiency syndrome. Ophthal- 
mology 1983;90:859-873. 

4. Rosenberg PR, Uliss AE, Friedland GH, et 
al: Acquired immunodeficiency syndrome. Oph- 
thalmology 1983;90:874-878. 

5. Khadem M, Kalish SB, Goldsmith JA, et al: 
Ophthalmologic findings in acquired immune 
deficiency syndrome (AIDS). Arch Ophthalmol 
1984;102:201-206. 

6. Freeman WR, Lerner CW, Mines JA, et al: A 
prospective study of the ophthalmologic findings 
in the acquired immune deficiency syndrome. Am 
J Ophthalmol 1984;97:133-142. 

7. Newsome DA, Green WR, Miller ED, et al: 
Microvascular aspects of acquired immune defi- 
ciency syndrome retinopathy. Am J Ophthalmol 
1984;98:590-601. 

8. Palestine AG, Rodrigues MM, Macher AM, 
et al: Ophthalmic involvement in acquired immu- 
nodeficiency syndrome. Ophthalmology 1984;91: 
1092-1099. 

9. Pepose JS, Holland GN, Nestor MS, et al: 
Acquired immune deficiency syndrome. Ophthal- 
mology 1985;92:472-484. 

10. Kestelyn P, Van de Perre P, Rouvroy D, et 
al: A prospective study of the ophthalmologic 
findings in the acquired immune deficiency syn- 
drome in Africa. Am J Ophthalmol 1985;100:230- 
238. 

11. Schuman JS, Orellana J, Friedman AH, et 
al: Acquired immunodeficiency syndrome 


80 Arch Ophthalmol—Vol 107, Jan 1989 


minimize it. 

While the optimum frequency of 
ophthalmic evaluation for patients 
being treated with ganciclovir has yet 
to be determined, we have found our 
current schedule to be practical and 
effective. Patients are seen before 
starting treatment and 1, 2, and 4 
weeks after starting ganciclovir ther- 
apy. Generally, by two weeks stabili- 
zation of the lesions can be detected, 
and by one month a complete response 
can be seen. At that point, patients 
with quiet lesions who are receiving 
maintenance ganciclovir are followed 
up monthly with ophthalmic exami- 
nations, and this frequency seems to 
provide adequate monitoring. Labora- 
tory monitoring for ganciclovir toxic 
effects will necessarily be more fre- 
quent and was dictated by protocol. 
Patients in whom ganciclovir is inter- 
rupted for toxic reactions or in whom 
the response is not adequate may need 
to be followed up more frequently, as 
the clinical situation dictates. 

Finally, our survival data suggest 
that those patients who failed to 
respond to ganciclovir may be more 
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The Effect of Perimetric Experience 


in Normal Subjects 


Anders Heijl, MD; Georg Lindgren, PhD; Jonny Olsson, MS 


@ Two groups of normal subjects were 
submitted to repeated automated static 
threshold perimetry. Perimetric results 
were strongly affected by the level of 
experience in some subjects; in the major- 
ity, however, the effect of experience was 
small. Initial field tests often showed high 
numbers of depressed points. Sensitivity 
increased with perimetric training, partic- 
ularly between the first sessions. Those 
subjects who improved most started low, 
gradually approaching normal levels with 
experience. Learning effects were more 
pronounced peripherally than paracen- 
trally and “untrained” fields characteristi- 
cally showed concentric contraction with 
numerous points with low sensitivity 
peripherally. An important practical con- 
clusion is to allow repeated testing of all 
inexperienced patients in whom initial 
fields do not agree with clinical findings. 
A chart showing a concentrically nar- 
rowed field should be viewed with partic- 
ular suspicion. Furthermore, a single ini- 
tial field may constitute an inadequate 
baseline for clinical follow-up. 

(Arch Ophthalmol 1989; 107:8 1-86) 


t is generally assumed that perimet- 

ric experience influences the re- 
sults of visual field examinations. 
Despite this assumption only limited 
information is available on the effect 
of perimetric learning. The classic 
study is still the one published by 
Aulhorn and Harms' in 1967 in which 
a small group of healthy volunteers 
was repeatedly tested using manual 
static perimetry on the Tiibingen 
perimeter. Only a moderate amount of 
information has been added** since 
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then and few perimetric textbooks 
and articles on interpretation of 
perimetric results mention that 
perimetric learning can be important 
and that inexperienced patients may 
need some training and/or reassur- 
ance to produce acceptable results.*’ 

It would be of great value to have 
more precise information on the effect 
of perimetric experience on the 
results of visual field testing. This is 
particularly important today when 
more and more patients are undergo- 
ing quantitative computerized perim- 
etry and when the results of these 
tests are more frequently subjected to 
computerized statistical analyses in- 
tended to facilitate clinical interpre- 
tation. 

The aim of the current investiga- 
tions was to study the influence of 
perimetric experience on the results 
of computerized static threshold mea- 
surements in normal subjects. We 
wanted to analyze the results from a 
fairly large, representative sample of 
normal subjects to arrive at an idea of 
the distribution of learning effects 
across the normal population. We also 
wanted to subject one group of sub- 
jects to a large number of tests to 
determine the number of sessions nec- 
essary to achieve perimetric training. 
We wanted to mimic a typical clinical 
testing situation by always testing 
both eyes of each individual with a 
commonly used standard test covering 
the central 30° field. 


PATIENTS AND METHODS 
Selection of Subjects 


To meet the goals mentioned above we 
studied two groups of subjects. A larger 
group, randomly chosen from a normal 
population (group 1), was subjected to a 
moderate number of tests, while a smaller 
group of normal healthy volunteers (group 
2) completed a much longer series of exam- 
inations. 

To generate group 1, government popula- 
tion computers randomly chose 210 indi- 
viduals between 20 and 80 years of age 
living in the city of Malmö, Sweden. Six of 


these subjects were excluded since they 
were followed up at the Department of 
Ophthalmology of Malmö General Hospi- 
tal, the only eye department in that city. 
The remaining 204 subjects were invited 
for a free eye health examination. One 
hundred forty of these subjects chose to 
participate. Group 2 consisted of ten volun- 
teers between 22 and 77 years of age who 
were without previous experience with eye 
care and eye examinations. They were 
largely friends and relatives of hospital 
personnel. Both groups of subjects were 
subjected to thorough eye examinations 
and histories. Abnormal subjects were 
excluded according to predetermined crite- 
ria.* In this way 45 subjects were excluded, 
all of whom belonged to group 1, thus 
leaving 95 subjects in that group. 


Testing 


We performed quantitative computer- 
ized static threshold perimetry in both 
groups of subjects using the 30-2 program 
of the Humphrey perimeter (Allergan- 
Humphrey Inc, San Leandro, Calif). This 
program measures the increment thresh- 
old at 77 points of the central 30° field 
using a repetitive up-and-down staircase 
technique with steps of 4 and 2 dB.” 
Measurements of foveal threshold and 
short-term fluctuation were included and 
the Full-Threshold mode was always used. 
All field tests therefore started at the 
same brightness level, uninfluenced by 


Fig 1.—Partition of point pattern into five 
concentric rings. Rings are numbered 1 
through 5 from center to periphery. 
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previous perimetric sessions. 

The randomly selected subjects in group 
1, if not immediately considered abnormal, 
were asked to return for repeated perime- 
try twice, at two and four months after the 
initial examination. Informed consent was 
obtained. Seventy-four normal subjects 
from group 1 completed all three test ses- 
sions. The results from these 74 subjects 
were used in the present study. 

The volunteers of group 2 were each 
tested ten times with an interval of one 
week between each test. At each test ses- 
sion the two eyes were tested in random 
order according to preprinted random lists. 
Thus, all subjects in group 1 participated 
in three test sessions each for a total of six 
visual field tests, while all subjects in the 
smaller group 2 each underwent 20 visual 
field tests divided into ten sessions. 


Analysis of Data 


Average Sensitivity.—The average sensi- 
tivity of each field was compared with that 
of the age-corrected normal reference 
field; at each point we calculated the dif- 
ference between the measured threshold 
value and the age-corrected normal 
threshold value of the same point. The 
normal values were obtained from the 
STATPAC statistical program of the 
Humphrey perimeter.'''? Means of these 
differences were computed for each visual 
field. For each consecutive test new means 
of the results from all individuals were 
calculated and plotted vs the test number. 
This was done in both groups of subjects. 
In the smaller group 2 the changes over 
time were also separately displayed graph- 
ically for each individual. 

Pointwise Threshold Values.—In group 1 
we calculated the pointwise differences 
between the measured threshold of the 
first test and that obtained from the same 
eye during the third session (test 5 or 6 in 
session 3). The group average of these 
differences (the test 1-test 5/6 differences) 
was calculated at all 73 test point locations 
outside the blind-spot area and displayed 
in a diagram. 

Visual Field Indexes.— Results of perimet- 
ric tests may be summarized by visual field 
indexes.'''’ Such indexes are often used to 
detect changes in fields followed up over 
time and sometimes also to separate nor- 
mal and abnormal results. 

The short-term fluctuation (SF) is an 
estimate of the variation of threshold val- 
ues within a single test session. It is esti- 
mated by performing double threshold 
determinations at a number of test points 
(ten test points in the program used in the 
present study). Corrected-pattern stan- 
dard deviation (CPSD) is a visual field 
index estimating the degree of true devia- 
tion from the age-corrected normal shape 
of the hill of vision, after correction for 
SF.” The CPSD will increase if localized 
visual field defects develop. A general 
change of the level of sensitivity, on the 
other hand, will not influence CPSD. Mean 
deviation (MD) is an estimate of the MD 
from the age-corrected normal threshold 
value at each test point. It differs from the 
average sensitivity deviation in that it is 
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Fig 2.—Effect of experience on sensitivity, expressed as deviation of average measured 
sensitivity from age-corrected normal values. In both groups of subjects sensitivity increased 
gradually with perimetric training. Closed circles indicate group 1; open circles, group 2. 
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Fig 3.—Development of sensitivity over all ten sessions in each subject in group 2. Test number is 
on x axes, and deviation of average sensitivity from age-corrected normal values is on y axes. 
Squares indicate right eyes; circles, left eyes; and S-1 through S-10, subjects 1 through 10. In 
many individuals average sensitivity changed little with increasing perimetric experience, while 


others improved considerably. 


weighted in accordance with the normal 
variation in the visual field. Mean devia- 
tion may thus be regarded as an estimate 
of the general level of the measured test as 
compared with the general level of the 
age-corrected normal reference field. The 
influence of perimetric experience on such 
indexes was studied by plotting SF, CPSD, 
and MD vs test number for both groups of 
subjects. 

Number of Low Points.—We determined 
the percentage of points that were 
depressed more than 5 dB from the age- 
corrected normal threshold values for each 
visual field. Percentages were plotted vs 
the test number. 

Variability of Perimetric Learning Among 


Individuals.—For each subject in group 1 we 
calculated the improvement in the mean 
threshold between the first test and the 
test results obtained from the same eye 
during the third session (the test 1-test 5/6 
improvement). The influence of age on 
perimetric learning was studied by plot- 
ting this improvement vs age. We also 
calculated Spearman’s rank correlation 
coefficient between these two parameters. 

Characteristics of “Untrained” Fields.— 
Perimetric learning showed much varia- 
tion among subjects. We wanted to be able 
to recognize the characteristics of those 
first untrained test results from individu- 
als who need previous perimetric experi- 
ence before producing normal results. We 
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Fig 4.—Development of average short-term fluctuation (top) and corrected-pattern standard 
deviation (bottom). Short-term fluctuation decreased moderately. Reduction of corrected-pattern 
standard deviation shows that with increasing experience shape of measured fields came closer 
to normal hill of vision. Closed squares indicate group 1; open squares, group 2. 
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Fig 5.—Percentage of points lowered more than 5 dB compared with age-corrected normal 
values. In both groups of subjects number of low points decreased rapidly from initially high levels. 
Closed circles indicate group 1; open circles, group 2. 


therefore evaluated the test results from 
those seven subjects who showed the larg- 
est increase of sensitivity between test 1 
and test 5/6. The conventional numeric and 
gray scale threshold charts from the first 
test were reviewed and compared with 
those of third-session testing of the same 


Arch Ophthalmol—Vol 107, Jan 1989 


eye (test 5 or 6) while also taking into 
account the deviations from the age- 
corrected normal reference fields. Groups 
of points situated at various distances 
from the point of fixation (Fig 1) were 
analyzed separately. The results of reli- 
ability tests (false-positive and false-nega- 


tive answers and fixation losses) of early 
and late tests were also considered. 


RESULTS 
Average Sensitivity 


The changes of average threshold 
values, as compared with the age- 
corrected normal values, are illus- 
trated in Figs 2 and 3. Figure 2 shows 
that sensitivity increased similarly 
with perimetric training in both 
groups of subjects. The average incre- 
ment between test 1 and test 5/6 was 
1.3 dB in group 1. This improvement 
was significant (P < .001; Student’s t 
test, two-sided, paired comparisons). 
The mean increment of sensitivity 
was larger in group 2, but this was due 
to the influence of an individual sub- 
ject. The results from group 2 indicate 
that some learning took place even 
after the second session. Average sen- 
sitivity was 0.6 dB lower in tests 5 
through 8 compared with tests 17 
through 20. This small improvement 
almost reached significance (P = .052; 
Student’s ¢ test, two-sided, paired 
comparisons). 

The development in each individual 
in group 2 is illustrated in Fig 3. It is 
obvious that the improvement with 
experience differed greatly among 
individuals. The majority changed lit- 
tle or not at all, while two or three 
subjects showed considerable im- 
provement with experience. In one 
subject the improvement of sensitivi- 
ty with training was quite dramatic. 
Those subjects who did not improve 
with training generally showed test 
results that were close to the age- 
corrected normal mean values already 
determined at the first test, while 
those subjects improving the most 
with experience started at subnormal 
levels, gradually approaching individ- 
ual stable levels near the age-cor- 
rected normal mean values as the 
number of tests increased. Those sub- 
jects who improved the most needed 
several tests before reaching reason- 
ably stable levels. 

Perimetric training thus resulted in 
smaller variation among subjects. 
This also was obvious in group 1. Here 
the SD of the average sensitivity devi- 
ations decreased from 3.2 dB at test 1 
to 1.8 dB at test 5/6. 


Pointwise Threshold Values 


Training influenced threshold val- 
ues to a greater extent in the outer 
portion of the central field than para- 
centrally. Mean improvement of sen- 
sitivity in the points of rings 4 and 5 
exceeded that of rings 1 and 2 by 1.1 
dB. This difference across the surface 
is significant (P <.001; Student’s t 
test, two-sided, paired comparisons). 
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Fig 6.—Individual changes of average sensi- 
tivity between tests 1 and 5/6 of all subjects 
in group 2. Distribution has heavy tails (posi- 
tive kurtosis) and is positively skewed. Posi- 
tive tail contains those subjects whose sensi- 
tivity improved most with experience. 
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Fig 7.— Series of three left visual fields (top left, No. 1; top right, 
No. 4; and bottom right, No. 9) from subject 10, whose 
performance improved considerably with experience. Initially 
field showed characteristic concentric contraction, which disap- 
peared on repeated testing. 
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Fig 8.—Average deviations of measured sensitivities from age-corrected normal threshold. 
Results are shown for test points in rings 1 through 5. Eccentricity increases with ring number 
(see Fig 1). Results are shown for two groups of subjects: those seven who improved most with 
perimetric training (‘‘learners’’) and the remaining 67 subjects (‘‘nonlearners’’). In the group of 
learners initial sensitivities were low compared with normal values, particularly peripherally, but 
with experience their mean threshold values became normal. 


Visual Field Indexes 


The changes in the visual field 
indexes SF and CPSD are illustrated 
in Fig 4. In both groups of subjects SF 
decreased with perimetric experience. 
In group 1 there was a moderate but 
significant decrease of SF with experi- 
ence (test l-test 5/6 difference = 
0.27 dB; P < .05; Student’s t test, two- 
sided, paired comparisons). The 
changes for the smaller group 2 were 
not significant (test 1-test 5/6 differ- 
ence = 0.75 dB; P=.08; Student’s t 
test, two-sided, paired comparisons). 

The CPSD also decreased with 
perimetric learning (Fig 4, bottom), 
ie, the test results became more “nor- 
mal” with increasing perimetric expe- 
rience. In group 1 the mean CPSD 
decreased by 0.62 dB between test 1 
and test 5/6 (P < .05; Student’s t test, 
two-sided, paired comparisons). The 
development was similar in the two 
groups of subjects, again with a larger 
improvement in group 2, because of 
the low initial results in a single sub- 
ject. The main part of this improve- 
ment took place during the first six 
tests (ie, the first three perimetric 
sessions). The small changes occur- 
ring after this point lacked statistical 
significance. 

The development of MD, as ex- 
pected, was very similar to that of 
average sensitivity. The improvement 
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between test 1 and test 5/6 was 1.1 dB 
(in group 1). 


Number of Low Points 


The number of points with a sensi- 
tivity more than 5 dB below the age- 
corrected normal value decreased con- 
siderably with perimetric experience 
(Fig 5), from 12.5% in test 1 to 5.2% in 
test 5/6 (group 1). This difference was 
significant at the P < .01 level (Stu- 
dent’s t test, two-sided, paired com- 
parisons). 


Variability of Perimetric Learning 
Among Individuals 


Figure 6 shows the distribution of 
test 1-test 5/6 improvements of aver- 
age sensitivity among all subjects in 
group 1. The distribution is not gaus- 
sian, but shows considerable and sig- 
nificant positive skewness (P < .0001; 
comparison with asymptotic vari- 
ances’). 

The scattergram of average sensi- 
tivity improvement vs age showed 
that the influence of perimetric train- 
ing was evenly distributed among sub- 
jects regardless of age; the Spear- 
man’s rank correlation coefficient was 
.005 (not significant). 


Characteristics of ‘Untrained’ Fields 


The subjects studied to determine 
the characteristics of “untrained” 
fields represent the positive tail of the 


distribution of Fig 6, ie, those seven 
subjects whose average sensitivity 
improved more than 4 dB between test 
1 and test 5/6. The first untrained 
fields of these subjects were charac- 
terized by concentric contraction (Fig 
7) and generally showed larger 
depressions in the peripheral parts of 
the 30° field than in the center (Fig 8). 
This, of course, means that the per- 
centage of depressed points was much 
larger in the midperiphery than closer 
to the point of fixation. These seven 
tests had higher average percentages 
of false-negative (18% ) and false-pos- 
itive (3.9%) answers on catch trials 
compared with those of the remaining 
67 subjects (4.9% and 1.6%, respec- 
tively). These differences did not quite 
reach statistical significance (P = .054 
and P=.052 respectively; Mann- 
Whitney test). 


COMMENT 


The results of the present study 
show that previous perimetric experi- 
ence may be of great importance in 
automated threshold perimetry. Av- 
erage sensitivity increased approxi- 
mately 1 or 2 dB between the first few 
tests. Most of the improvement 
occurred in the first few tests. The 
largest changes took place in the mid- 
periphery, while the area closer to the 
point of fixation remained more sta- 
ble. The latter finding is in agreement 
with the results reported by Wood et 
al‘ who, in a group of ten young male 
subjects, found that learning effects 
were stronger in the periphery. | 

The effect of perimetric learning 
differed markedly among subjects. 
For the first time a sufficiently large 
sample has been studied to show that 
most normal subjects will produce 
reliable results even in their first 
perimetric test, but that a significant 
minority of subjects will improve con- 
siderably with practice. This minori- 
ty, on the other hand, showed striking 
changes with experience, starting low 
and gradually approaching a level 
within the normal range. Their initial 
fields were characterized mainly by 
concentric contraction; sensitivities 
were reduced more peripherally than 
paracentrally. 

Interindividual variability de- 
creased with perimetric training. This 
finding is of importance in the design 
of statistical programs for analysis of 
perimetric data. If limits of normality 
were to be calculated on the basis of 
test results from inexperienced indi- 
viduals only, the normal range would 
become very wide. This would be true 
both for pointwise threshold values 
and for standard overall visual field 


Perimetric Experience—Heijl et al 85 





1 
. 
| 
4 
! 
í 
| 
1 

| 
| 





r 


indexes. Even obvious field loss could 
then fail to reach statistical signifi- 
cance. 

It should be remembered that we 
have studied learning in normal sub- 
jects. The effects of training may be 
different in abnormal fields, but there 
is no reason to believe that previous 
perimetric experience should be less 
important in eyes with pathologic dis- 
orders. In fact, Gloor and coworkers? 
have shown that most glaucomatous 
fields improve between the first two 
tests, a finding that they interpret as 
being due to perimetric learning. 

Intuitively one would guess that 
perimetric learning would be influ- 
enced by the interest time interval. It 
seems likely that “perimetric memo- 
ry” would gradually diminish after a 
test. If this decay were large we would 
have expected a difference in the 
learning curves of our two groups of 
subjects, whose intertest intervals 
differed by a factor of eight. Since this 
was not the case we believe that our 
results are applicable in clinical set- 
tings where patients are tested at 
intervals of every six or 12 months. 
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From a practical, clinical point of 
view we conclude that, while in the 
majority of healthy subjects perimet- 
ric test results do not change much 
with increasing experience of visual 
field testing, there is an important 
group in whom the effects of perimet- 
ric learning are great. The first test 
results in such subjects are character- 
ized mainly by concentric narrowing 
of the field; subsequent test results 
increase to a level within the normal 
range, with the strongest learning 
effects occurring peripherally. Most of 
the learning takes place during the 
first perimetric session, but some 
improvement can occur later, particu- 
larly if the initial sensitivity is very 
low. Therefore, one should allow 
repeated testing of all patients whose 
initial fields are inconsistent with 
clinical findings. If the field chart 
shows a concentrically narrowed field, 
the suspicion should be high that lack 
of perimetric training may be the 
reason for the outcome of the test. 

Since improvements with perimet- 
ric experience are frequent one should 
also be aware that only one pair of 
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Treatment of Carotid-Cavernous Sinus Fistulas 
Using a Detachable Balloon Catheter Through 
the Superior Ophthalmic Vein 


Anne M. Hanneken, MD; Neil R. Miller, MD; Gerard M. Debrun, MD; Haring J. W. Nauta, MD 


èe Four consecutive patients with 
carotid-cavernous’ sinus fistulas that 
could not be treated by the standard 
techniques of endoarterial balloon occlu- 
sion or embolization were successfully 
treated by advancement of a detachable 
balloon catheter through the ipsilateral 
superior ophthalmic vein. Under angio- 
graphic monitoring, the balloon was 
passed into the cavernous sinus, inflated 
to close the fistula, and detached. Three 
of the patients had a spontaneous fistula, 
and one had a traumatic fistula that had 
previously been trapped unsuccessfully. 
All patients had complete resolution of 
symptoms and signs after occlusion of 
the fistula. There were no intraoperative 
or postoperative complications. The 
transvenous approach to the cavernous 
sinus through the superior ophthalmic 
vein is a safe, effective treatment of 
carotid-cavernous sinus fistulas, whether 
they are direct or dural in nature. 

(Arch Ophthalmol 1989; 107:87-92) 


ae venous fistulas that involve 
the cavernous sinus often produce 
ophthalmologic symptoms and signs. 
Chemosis, conjunctival injection, eye- 
lid swelling, proptosis, diplopia, and 
visual loss may all result from the 
effects of such fistulas.’? Patients 
with these lesions often present ini- 
tially to an ophthalmologist for diag- 
nosis and therapy. 

There are four types of arteriove- 
nous fistulas that involve the cavern- 
ous sinus.2 One type is a direct com- 
munication between the main trunk of 
the internal carotid artery and the 
cavernous sinus. This type is often 
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called a “direct” carotid-cavernous 
sinus fistula. It is usually caused by 
trauma and is hemodynamically char- 
acterized by high flow. The other 
three types are fistulas between the 
cavernous sinus and extradural 
branches of the internal carotid 
artery, external carotid artery, or 
both. These lesions are called “dural” 
carotid-cavernous sinus or arteriove- 
nous fistulas. They usually occur 
spontaneously and may be character- 
ized hemodynamically by high or low 
flow, usually the latter. Both traumat- 
ic and spontaneous carotid-cavernous 
sinus fistulas produce visual distur- 
bances, the severity of which are 
related primarily to the hemodynam- 
ics of the fistula. 

The optimum treatment of carotid- 
cavernous sinus fistulas, whether they 
are direct or dural, is closure of the 
abnormal connection between the 
feeding artery(ies) and the cavernous 
sinus, without occluding any major 
arteries. The treatment of a direct 
carotid-cavernous sinus fistula is dif- 
ferent from the treatment of a sponta- 
neous fistula. 

Direct fistulas are characterized by 
a single tear between the carotid 
siphon and the cavernous sinus. There 
is almost never any participation of 
the branches of the external carotid 
artery. The optimum treatment of 
this lesion is the detachable balloon 
technique through an endoarterial 
route.'** The balloon can enter the 
large fistula and can be inflated into 
the cavernous sinus until the fistula is 
closed. In such a procedure, the inter- 
nal carotid artery is preserved in the 
majority of patients. Using this tech- 
nique, over 90% of direct carotid- 
cavernous fistulas can be successfully 
closed with virtually no mortality and 
with morbidity limited to transient 
ocular motor nerve paresis in about 
30% of patients.‘ 

The treatment of dural carotid-cav- 


ernous sinus fistulas is different from 
that of direct carotid-cavernous sinus 
fistulas because multiple small 
branches of the internal and external 
carotid artery are involved. Balloon 
occlusion is impossible in such 
patients. Accordingly, the usual pro- 
cedure used is embolization of the 
feeders coming from the external 
carotid artery only.**!! Although one 
could also consider occluding the 
internal carotid artery, there are sev- 
eral reasons why this should not be 
done. First, there is a high rate of 
spontaneous closure of dural fistulas 
(particularly after angiography). Sec- 
ond, intracavernous branches from 
both internal carotid arteries are 
often involved in the fistula. Third, 
embolization of the external carotid 
artery feeders alone cures a high per- 
centage of these fistulas. Fourth, 
dural fistulas often occur in elderly 
patients with borderline patency of 
the circle of Willis. It is therefore 
important to keep the internal carotid 
artery patent in such individuals. 

In addition to endoarterial balloon 
occlusion and embolization tech- 
niques, a number of other procedures 
have been used to close direct and 
dural fistulas. These techniques in- 
clude electrothrombosis of the fistu- 
la? and direct surgery of the fistu- 
la.'415 These methods have a signifi- 
cantly higher rate of failure and mor- 
bidity. In rare cases, direct fistulas 
may be approached through the infe- 
rior petrosal sinus.**!°'*!7 When this 
approach is possible, it yields excel- 
lent results; however, in many pa- 
tients, the inferior petrosal sinus can- 
not be used to approach the cavernous 
sinus, either because of its particular 
anatomic configuration or because the 
cavernous sinus does not drain into 
it. 

Despite the success of the endoar- 
terial approach to carotid-cavernous 
sinus fistulas and the availability of 
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Fig 1.—Case 1. Appearance before attempted balloon occlusion of left-sided, dural, carotid- 
cavernous sinus fistula. Note marked left proptosis, inferior chemosis, and prominent bulge of 
medial portion of left upper eyelid from enlarged superior ophthalmic vein. 
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Fig 2.—Case 1. Arteriogram shows carotid-cavernous sinus fistula (arrow) emptying into 
markedly dilated superior ophthalmic vein (arrowhead). 


Fig 3.—Case 1. Left superior ophthalmic vein exposed through superior brow incision. Note 
marked enlargement of vein with obvious thickening of its wall. Vein is isolated with carotid 
tape. 
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standard transvenous and direct 
approaches, there remain some pa- 
tients for whom none of these proce- 
dures is a viable option. There are 
patients with direct carotid-cavernous 
sinus fistulas in whom an attempt at 
endoarterial balloon occlusion fails or 
in whom such an approach cannot be 
performed because of a previously 
unsuccessful trapping procedure. 
There are also patients with dural 
carotid-cavernous sinus fistulas that 
do not close spontaneously or that 
occur after embolization of the exter- 
nal carotid feeders. In such patients, a 
transvenous route through the inferi- 
or petrosal sinus may be impossible, 
and direct approach to the fistula 
may be considered too dangerous. 
We have successfully closed the fistu- 
la in such patients with a detachable 
balloon introduced into the cavernous 
sinus by a catheter threaded through 
the ipsilateral superior ophthalmic 
vein. We have performed this proce- 
dure in four consecutive patients 
without morbidity or mortality. 


REPORT OF CASES 


CasE 1.—A 43-year-old woman was ini- 
tially examined at the Wilmer Institute, 
Baltimore in 1971, because of mild left 
proptosis, conjunctival injection and che- 
mosis, and a left-sided cranial and orbital 
bruit that had occurred after the birth of 
her second child. Cerebral angiography 
performed then showed a carotid-cavern- 
ous sinus fistula originating from dural 
branches of the left internal maxillary and 
the left internal carotid arteries. The main 
drainage of the fistula was via a dilated 
left superior ophthalmic vein. Because the 
patient had normal visual sensory and 
ocular motor function, normal intraocular 
pressure, and a normal ophthalmoscopic 
appearance of the left eye, no treatment of 
the fistula was advised. Over the next ten 
years, she experienced slowly progressive 
proptosis, but her condition was otherwise 
stable. 

In 1981, the patient underwent at- 
tempted closure of the fistula by emboliza- 
tion using an absorbable gelatin sponge 
(Gelfoam) introduced through the left 
internal maxillary artery. Her proptosis 
failed to improve after this procedure, and 
angiography demonstrated that although 
dural branches from the external carotid 
artery that had previously fed the fistula 
were now closed, a feeding vessel from the 
meningohypophyseal trunk of the internal 
carotid was still open and filled the superi- 
or ophthalmic vein on that side. Over the 
next year, the patient’s proptosis remained 
unchanged, and another angiogram 
showed that some of the feeding branches 
from the external carotid artery had re- 
opened. 

Between 1981 and 1986, the patient expe- 
rienced slowly progressive proptosis and 
chemosis of the left eye without loss of 
visual acuity or development of diplopia. In 
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March 1986, the patient experienced a sud- 
den increase in proptosis and decreased 
vision in the left eye (Fig 1). Physical 
examination then showed visual acuity of 
20/30 OS associated with a left relative 
afferent pupillary defect. Proptosis of the 
left eye extended beyond the scale of the 
exophthalmometer. Lagophthalmos was 
present. The left eye was injected, and the 
conjunctiva was markedly chemotic and 
hung down onto the left cheek. The superi- 
or orbit was full, and a large, pulsatile 
superior ophthalmic vein was palpable in 
the superomedial orbit beneath the eyelid. 
Intraocular pressure was normal, and oph- 
thalmoscopy revealed a normal-appearing 
fundus. 

The patient underwent selective angiog- 
raphy that revealed a large arteriovenous 
fistula with contributions from dural 
branches originating from both the left 
external carotid and internal carotid ar- 
teries. Embolization of a branch of the left 
internal maxillary artery was performed 
using acrylic material, but there remained 
persistent filling of the left superior oph- 
thalmic vein from the left meningohypo- 
physeal trunk (Fig 2). Attempted catheter- 
ization and occlusion of this feeder via an 
endoarterial route failed. 

Several days later, the patient was taken 
to the neurosurgical operating room where 
she was placed under general anesthesia. 
An incision was made just beneath the left 
eyebrow, and a dissection into the left 
superomedial orbit was performed until 
the superior ophthalmic vein was identi- 
fied. The vein was markedly enlarged, 
measuring 1 cm in diameter. A large seg- 
ment of the vein was mobilized by dissect- 
ing it free from surrounding tissue. Carot- 
id surgical tape was used to isolate this 
segment of the vein and to control back- 
flow of blood through the vessel (Fig 3). A 
longitudinal incision was made in the wall 
of the vein, and a flexible, balloon-tipped 
catheter was threaded through the vein 
into the cavernous sinus. The balloon, 
which was manipulated and inflated until 
angiography showed that the fistula was 
closed, was then detached. The vein was 
ligated, and the skin incision was closed. 

Two days after surgery, angiography 
showed that the fistula was completely 
closed (Fig 4). Within two weeks, the 
patient’s orbital congestion and proptosis 
began to resolve. Her condition continued 
to improve over the next several months. 
Eight months after surgery, the patient 
had normal visual acuity, no afferent 
pupillary defect, and only 4 mm of propto- 
sis (Fig 5). 

CasE 2.—A 26-year-old man with a histo- 
ry of factor VIII deficiency developed a 
spontaneous subjective bruit associated 
with left proptosis, conjunctival injection 
and chemosis, and ophthalmoparesis. He 
was referred to The Johns Hopkins Hospi- 
tal, Baltimore, six weeks after onset of 
symptoms when the right eye was normal. 
Visual acuity was 20/40 OS, although there 
was no relative afferent pupillary defect. 
There was moderate left ptosis, almost 
complete ophthalmoplegia, and marked 
conjunctival injection and chemosis (Fig 
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Fig 4.—Case 1. After balloon occlusion, arteriogram shows no evidence of fistula. Inflated 
balloon can be seen in cavernous sinus (arrow). 
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Fig 5.—Case 1. Three months after balloon occlusion through superior ophthalmic vein of her 
carotid-cavernous sinus fistula, patient has almost normal appearance. There is only minimal 
proptosis, no chemosis, and minimal left upper eyelid swelling. 


Fig 6.—Case 2. After attempted balloon occlusion of carotid-cavernous sinus fistula, patient has 
marked proptosis, chemosis, and redness of left eye. 
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Fig 7.—Case 2. Arteriogram shows fistula 
(arrow) emptying into enlarged superior oph- 
thalmic vein. 


Fig 8.—Case 2. Appearance of patient 6 
months after successful balloon occlusion of 
carotid-cavernous sinus fistula through supe- 
rior ophthalmic vein route. Note complete 
resolution of proptosis, chemosis, and red- 
ness of left eye. Complete ophthalmoplegia, 
which had existed before treatment, has also 
resolved. 


Fig 9.—Case 2. Arteriogram performed six 
months after balloon occlusion of fistula 
shows no evidence of fistula. Inflated balloon 
can be seen within cavernous sinus (arrow). 
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6). Intraocular pressure was 36 mm Hg. 
The left optic disc was hyperemic, and the 
retinal veins were dilated. Peripheral reti- 
nal hemorrhages were seen. There was 
marked proptosis of the left eye that was 
off the scale of the exophthalmometer. 

One day after hospital admission, the 
patient underwent selective angiography 
that showed a left carotid-cavernous sinus 
fistula originating from branches of the 
meningohypophyseal trunk of the left 
internal carotid artery, as well as from 
extradural branches of the left internal 
maxillary artery and the left ascending 
pharyngeal artery (Fig 7). The superior 
ophthalmic vein was dilated, with throm- 
bosis of its most anterior segment. 

Because of the partial thrombosis of the 
superior ophthalmic vein, it was hoped 
that the fistula would spontaneously 
occlude. The patient was therefore placed 
on a regimen of oral dexamethasone, four 
times a day, and observed. Over the next 
seven days, his chemosis and proptosis 
improved slightly; however, he developed 
side effects from the steroid therapy, and 
repeated angiography showed no progres- 
sion of thrombosis. Accordingly, about two 
weeks after hospital admission, the patient 
underwent a left frontoparietal cranioto- 
my with unroofing of the left orbit. The 
superior ophthalmic vein was exposed 
anteriorly and a portion of the vessel was 
dissected free from surrounding tissue. 
This segment of the vessel was isolated 
using carotid tape. A longitudinal incision 
was then made in the vessel, and a balloon- 
tipped catheter was threaded through the 
opening and advanced into the cavernous 
sinus. The balloon was positioned, inflated, 
and detached. Postoperative angiography 
confirmed closure of the fistula. The supe- 
rior ophthalmic vein was ligated, and the 
craniotomy was closed. 

Within four days after surgery, the 
patient began to experience improvement 
in proptosis, chemosis, and ophthalmopar- 
esis. His intraocular pressure dropped to 
normal. Seven months after surgery, 
results of the patient’s examination were 
entirely normal (Fig 8), and angiography 
showed no evidence of the fistula (Fig 9). 

CasE 3.—A 3l-year-old man was 
involved in a motor vehicle accident at age 
23 years, when he received multiple skull 
fractures. He was comatose for several 
weeks. During this time he developed 
marked right proptosis, chemosis, and oph- 
thalmoparesis. Angiography revealed a 
direct carotid-cavernous sinus fistula, clo- 
sure of which was attempted by ligation of 
the right internal carotid artery in the 
neck. 

Because the patient had lost all vision in 
the right eye as the result of a traumatic 
optic neuropathy that occurred at the time 
of the accident, he did not seek any further 
treatment of the fistula until eight years 
later when he requested that an attempt be 
made to close the fistula to improve his 
_ appearance and eliminate a subjective 
bruit. On presentation to The Johns Hop- 
kins Hospital, visual acuity was no light 
perception in the right eye but 20/20 OS. 
Examination of the left visual field showed 
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a superotemporal defect consistent with 
damage to the distal right optic nerve near 
the chiasm. There was a partial right 
oculomotor nerve paresis. The patient had 
5 mm of proptosis on the right side with 
conjunctival injection. A prominent, pulsa- 
tile superior ophthalmic vein was palpable 
through the superomedial aspect of the 
right upper eyelid. Right optic atrophy was 
present. 

The patient was admitted to The Johns 
Hopkins Hospital where selective angiog- 
raphy revealed that although the internal 
carotid artery was occluded in the neck, it 
was reconstituted distally by branches of 
the external carotid artery. A carotid- 
cavernous sinus fistula was present and 
was supplied by dural branches of the 
reconstituted right internal carotid artery. 
The fistula drained anteriorly into a mark- 
edly enlarged superior ophthalmic vein. 

Because the cervical portion of the right 
internal carotid artery was occluded, the 
carotid-cavernous sinus fistula could not 
be approached endoarterially. According- 
ly, the patient was taken to the neurosurgi- 
cal operating room and placed under gen- 
eral anesthesia. An incision was made in 
the medial portion of the right upper eyelid 
directly over the palpable superior oph- 
thalmie vein. A dissection into the orbit 
was performed until the vein was visual- 
ized. A portion of the vein, which was 
about five times normal size, was dissected 
free of surrounding tissue. Carotid tape 
was used to isolate this segment of the 
vessel. A longitudinal incision was then 
made in the wall of the vein, and a balloon- 
tipped catheter was inserted and threaded 
into the cavernous sinus. The balloon was 
positioned, inflated, and detached. Angiog- 
raphy revealed only partial closure of the 
fistula, and a second balloon was therefore 
placed in the sinus. After the second bal- 
loon was inflated, angiography showed 
complete closure of the fistula. The inci- 
sion in the vein and the skin incision were 
both closed. 

Postoperatively, the patient’s bruit dis- 
appeared, and his proptosis and chemosis 
improved. Six months after the procedure, 
the patient was stable clinically, and angi- 
ography showed that the fistula was still 
completely occluded. 

Case 4.—A 48-year-old man with hyper- 
tension, diabetes mellitus, and coronary 
artery disease spontaneously developed 
proptosis and redness of the right eye 
associated with pain in the right orbit. He 
was initially thought to have an “infec- 
tion” until he complained of diplopia. 
Selective angiography demonstrated a 
right carotid-cavernous sinus fistula fed by 
multiple arterial feeder vessels from inter- 
nal carotid, internal maxillary, and as- 
cending pharyngeal arteries. Embolization 
of the right and left external carotid arte- 
rial circulation was performed on two 
occasions. The first time, surgical sponge 
(Ivalon) particles were used; the second 
time, isobutyl-2-cyanoacrylate adhesive 
was used. The fistula, nevertheless, re- 
mained open because of a continued contri- 
bution from dural branches of both inter- 
nal carotid arteries and from previously 


embolized, but recanalized, external carot- 
id feeders. The patient was therefore 
referred to The Johns Hopkins Hospital 
for further therapy. 

On admission to the neurosurgical ser- 
vice of The Johns Hopkins Hospital, the 
patient had visual acuity of 20/30 OD and 
20/25 OS. Visual fields were full. There 
was no relative afferent pupillary defect. 
The right eye was mildly injected. There 
was 2 mm of right proptosis and minimal 
conjunctival injection. The patient had a 
moderate right abducens nerve paresis 
with an esotropia of about 13 prism diop- 
ters in primary position at distance and 
near with the left eye fixing. He also had 
decreased corneal sensation on the right 
side, decreased cutaneous sensation in the 
distribution of the ophthalmic and maxil- 
lary divisions of the right trigeminal 
nerve, and early background diabetic reti- 
nopathy in both eyes. 

The patient was taken to the neurosurgi- 
cal operating room and placed under gen- 
eral anesthesia. An incision was made into 
the superomedial portion of the right 
upper eyelid. Using the operating micro- 
scope, dissection was carried into the supe- 
romedial orbit until the superior ophthal- 
mic vein was identified. A portion of the 
vessel, which was not particularly 
enlarged, was carefully dissected free from 
surrounding tissue and isolated using 
carotid tape. A small longitudinal incision 
was made in the wall of the vein, and a 
balloon-tipped catheter was gently thread- 
ed until it reached the junction of the 
superior ophthalmic vein and the cavern- 
ous sinus. The balloon was positioned, 
inflated, and detached. Angiography was 
then performed that showed complete clo- 
sure of the fistula. Immediately after sur- 
gery, the patient’s ocular injection, chemo- 
sis, and diplopia were unchanged; however, 
over the next several months, all of his 
symptoms and signs resolved. 


COMMENT 


Percutaneous transvascular ap- 
proaches can be used to cure traumat- 
ic and spontaneous carotid-cavernous 
sinus fistulas.'?° These procedures are 
usually safe and effective, particular- 
ly when the endoarterial route is used. 
In some patients, however, an endoar- 
terial route is impossible, and another 
approach must be found. A direct 
approach on the cavernous sinus, 
although feasible, has significant 
risks, and a_transvenous route 
through the inferior petrosal sinus 
may be impossible. It is in this setting 
that an approach to the cavernous 
sinus through the superior ophthal- 
mic vein is most useful. 

Previous attempts to enter the cav- 
ernous sinus through the superior 
ophthalmic vein have been only par- 
tially successful, partly because of the 
failure to thread the catheter along 
the tortuous route of the vein and 
partly because of the method used to 
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close the fistula (eg, electrothrombo- 
sis and the use of steel spring 
coils).'*'*!° All of our patients under- 
went an orbital dissection in which an 
anterior segment of the superior oph- 
thalmic vein was first identified by 
direct visualization and then dissected 
free from surrounding orbital tissue 
using the operating microscope. The 
dissection allows this portion of the 
vein to be straightened out and thus 
permits relatively easy passage of the 
thin balloon-tipped catheter through 
the vein and into the cavernous sinus. 
This process is also made easier by 
isolating the dissected segment of the 
vein using carotid tape so as to pre- 
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vent significant back bleeding when 
the vessel is opened. Finally, and most 
importantly, this procedure is per- 
formed using a team consisting of an 
orbital surgeon, a neurosurgeon, and 
an interventional neuroradiologist. It 
is our belief that it is the team 
approach that most contributes to the 
success of the procedure. 

To date, we have had no difficulties 
in performing an anterograde balloon 
catheterization of the cavernous 
sinus, and none of the patients has 
experienced any intraoperative or 
postoperative complications. Never- 
theless, a number of potential compli- 
cations exist, including inadvertent 
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Minocycline Levels in Tears of Patients With 


Active Trachoma 


Khalid F. Tabbara, MD, Hendrik Cooper 


è We determined minocycline levels in 
human tears and plasma samples using 
high-performance liquid chromatography. 
In the first study, we determined the 
trough tear and plasma levels of minocy- 
cline in patients with active trachoma 24 
hours after an oral dose. After a single 
dose of minocycline, the mean concentra- 
tion of the drug in tear samples was 
189 + 58 ng/mL and corresponding plas- 
ma levels were 578 + 290 ng/mL. In a 
second study, we monitored the pharma- 
cokinetics of the drug in tear and plasma 
samples of healthy nonfasting adults. 
Tear and plasma samples were collected 
at 1 through 6, 12, 24, 48, 72, and 96 
hours. The pharmacokinetics study 
revealed that 48 hours following a single 
200-mg dose of minocycline, the mean 
tear level of minocycline was 68 ng/mL, 
which is above the in vitro minimal inhibi- 
tory concentration required for Chlamydia 
trachomatis and other susceptible organ- 
isms. 

(Arch Ophthalmol 1989; 107:93-95) 


fyfmocycline hydrochloride, 7-di- 
methylamino-6-dimethy1-6-deox- 
ytetracycline, is a synthetic tetracy- 
cline analogue that has broad-spec- 
trum antibiotic activity against many 
gram-positive and gram-negative or- 
ganisms. Minocycline is more potent 
against susceptible organisms than 
tetracycline and has unique lipophilic 
properties that augment its enteric 
absorption and give it an ability to 
diffuse into body fluids. In a clinical 
trial, minocycline was found to be 
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effective in the treatment of patients 
with active trachoma.’ 

The main objective of this study 
was to assess the bioavailability of 
minocycline in tear and plasma speci- 
mens of patients with active trachoma 
and to determine the pharmacokinet- 
ics of the drug in tears of healthy 
adults. 


SUBJECTS AND METHODS 
Subjects 


We included a total of 55 male subjects. 
Fifty-one patients had active trachoma 
and four subjects were healthy adults. 
Patients with trachoma were divided into 
three groups: group 1 consisted of 19 
patients (mean age, 11 years; range, 7 to 15 
years) who received a single oral dose of 
100 mg of minocycline hydrochloride; 
group 2 consisted of 12 patients (mean age, 
9.6 years; range, 7 to 14 years) who received 
a 100-mg/d oral dose for two days; and 
group 3 consisted of 20 patients (mean age, 
10.2 years; range, 7 to 14 years) who served 
as controls and received capsules contain- 
ing lactose. The weight range for these 
subjects was 23 to 50 kg. The four healthy 
consenting adults (aged 30 to 35 years and 
weighing between 66 and 74 kg) had no 
ocular disease and volunteered for a study 
on the pharmacokinetics of minocycline 
levels in tears and plasma. Exclusion crite- 
ria were applied to patients who were 
receiving any other medications. 


Collection of Specimens 


Fifty to one hundred microliters of tear 
samples was collected 24 hours after the 
last dose of minocycline in capillary tubes, 
by capillary action. No additives were used, 
and the tubes were sealed by plugging the 
ends with inert synthetic clay. Tear sam- 
ples were placed on dry ice and transported 
to the laboratory where they were stored 
at —80°C for three weeks, until the time of 
analysis. 

Blood specimens were collected at 24 
hours following the last dose and placed in 
edetic acid (EDTA)-containing tubes. The 
blood samples were centrifuged and the 
plasma was separated and stored in silicon- 


ized tubes (Vacutainer) before freezing. 

The tear and blood samples in the nor- 
mal subjects were collected at 1 through 6, 
12, 24, 48, 72, and 96 hours following a 
single oral dose of 200 mg of minocycline 
hydrochloride. 


Determination of Minocycline 


We used a Beckman 450 data system 
controller, a model 163 variable wave- 
length detector, and 114-mol/L solvent 
delivery module. The injector to detector 
circuit was constructed as follows: an 
Injector (Altex) with 250-uL loop, an end- 
packed guard column (Waters C18), a 3.9- 
mm X15-em column (NOVAPAK (C18), 
ending with an ultraviolet detector operat- 
ing at 357 nm. The circuit was operated at 
ambient temperature. The flow rate was 
1.0 mL/min. All chemicals were of analyti- 
cal grade or better. Solvents used in mobile 
phase preparation were high-performance 
liquid chromatography grade. High-per- 
formance liquid chromatography-grade 
water came from a water system (Milli-Q). 
The mobile phase was “modeled” on that 
used by Hon and Murray.’ It consisted of a 
mixture of acetonitrile, water, monoetha- 
nolamine, N,N-dimethylformamide, and 
diammonium hydrogen phosphate in the 
following ratio: 35 mL:320 mL:2 mL:20 
mL:2 g. This solution was adjusted to a pH 
of 2.7 by dropwise addition of 85% ortho- 
phosphoric acid. The solution was then 
filtered through a 0.45-um filter and 
degassed ultrasonically. Following analy- 
sis, the column was cleaned using methyl 
alcohol-water-mobile phase of 70:30 com- 
position. Fresh stock solutions were pre- 
pared by dissolving the equivalent of 10 mg 
of each base, acidifying the standard by 
addition of 1 mL of 1000 mmol/L of hydro- 
chloric acid, which was increased to 100 
mL with the addition of deionized water. 
Drug concentrations in these stock solu- 
tions were equal to 100000 ng/mL. Minocy- 
cline was extracted from the plasma sam- 
ple using the methods of DeLeenheer and 
Nelis? and Reeuwijk and Tjaden.’ The only 
alteration to this procedure was that 
reconstitution of the evaporated ethyl ace- 
tate extract was done in a 500-uL mixture 
of methyl alcohol and water in a 50:50 
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Table 1.—Trough Levels Following Minocycline Therapy 


Concentration of Minocycline Hydrochloride, ng/mL 
LL L_LXCCX?SX_ MIŮĖŮĖŮĖ——————Ć——Č—ČĆ…— 
Tear Samples Plasma tiie 2055 

—_—_—_- ern ~ 
Mean + SD Range 
189 + 58 96 — 296 578 + 290 242 — 1072 


263 + 73 135 — 365 610 + 238 336 — 1224 


*Group 1 received a single oral dose of minocycline, group 2 received two doses, and group 3 was the 
control group. 
tND indicates not detected. 





No. of Samples 
i 
= —eeme 






Group” “M24 koae + SD 











Range 












350 


300 


250 


200 


Tear Minocycline, ng/mL 


ESEAS ISINI SINISIN AN, 





Hours 


Fig 1.—Pharmacokinetic profile of minocycline hydrochloride (dotted line) in tear samples 
following 200-mg dose to four healthy adults. Hatched area represents minimum inhibitory 
concentration of minocycline for eradication of Chlamydia trachomatis.'5 Bars indicate range. 


Plasma Minocycline, ng/mL 





Hours 


Fig 2.—Pharmacokinetic profile of minocycline hydrochloride (dotted lines) in plasma samples 
following 200-mg dose to four healthy adults. Bars indicate range. 
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ratio. This was then filtered through a 
0.45-um filter unit (Millipore) before in- 
jecting 100 uL for analysis. Quantitation of 
plasma minocycline levels was based on the 
peak height ratio of minocycline to the in- 
ternal standard, tetracycline. The plasma 
calibration was linear in the range of 0 to 
10000 ng/mL. Blank samples showed no in- 
terfering peaks. Under these conditions 
minocycline eluted at 2.9 minutes and te- 
tracycline eluted at 8.1 minutes. Both peaks 
were symmetrical, with minimal tailing. 

Tear analysis was by direct sample 
injection after filtration through a 0.45-um 
filter (Millipore). The volume of the col- 
lected tear sample was variable. De- 
pending on the sample size, either 50- or 
100-uL samples were injected. The calibra- 
tion, accomplished by direct injection of 
50-uL aliquots of standard, was linear over 
the range of 0 to 500 ng/mL. 

Under the conditions stated above, the 
limit of sensitivity for the plasma determi- 
nation of minocycline was 100 ng/mL, 
while the tear sensitivity was 10 ng/mL. 


RESULTS 
Minocycline Tear and Plasma Levels 


In patients with active trachoma, 
the mean + SD trough tear level 24 
hours following a single oral dose of 
minocycline (group 1) was 189 + 58 
ng/mL: the corresponding plasma lev- 
els were 578 + 290 ng/mL. In 12 
patients who received 100 mg/d of 
oral dose of minocycline hydrochlo- 
ride for two days (group 2) the 
mean + SD trough tear minocycline 
level was 263 + 73 ng/mL, while the 
mean plasma minocycline level was 
610 + 238 ng/mL. In group 3, the 20 
patients who received lactose capsules 
showed no detectable minocycline lev- 
els in samples of tears or plasma. 
Table 1 gives the results of the mino- 
cycline levels in tear and plasma sam- 
ples for the three groups of patients. 


Tear Pharmacokinetics of Minocycline 


The pharmacokinetics profile of 
minocycline in tears and plasma 
among the normal subjects are shown 
in Figs 1 and 2. Table 2 depicts the 
mean minocycline concentration and 
the ranges in tears and plasma sam- 
ples at 1 through 6, 12, 24, 48, 72, and 
96 hours. The mean trough level of 
minocycline in tear samples at 24 
hours was 117 ng/mL, with a range of 
85 to 160 ng/mL, and at 48 hours, the 
level was 68 ng/mL, with a range of 50 
to 85 ng/mL. 


COMMENT 


Minocycline is an orally absorbed 
tetracycline compound, with excellent 
penetration into tears due to its lipo- 
philic properties. High tissue concen- 
trations of minocycline can be demon- 
strated after a single oral dose.° 

Minocycline may reach aqueous flu- 
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date indicate that photosensitivity is 
rarely reported with minocycline. 
Minocycline is metabolized to inactive 
substances to a greater extent than 
other known tetracyclines. 

The minimum inhibitory concentra- 


Minocycline Hydrochloride Concentration, ng/mL 


ll aN 
Tear Samples Plasma Samples 
reo er ~~ = —-—- oo. 





tion (MIC) of minocycline on Chlamy- 
2 242 160-340 3215 2792-4132 dia trachomatis in vitro in tears is 15 
3 283 175-350 3935 3194-4588 to 30 ng/mL." The mean tear level of 
4 225 180-300 3452 3038-3726 minocycline following a single dose 
5 250 210-290 3311 3060-3776 was higher in patients with active 
6 235 220-250 3114 2840-3438 trachoma than normal subjects. This 
12 185 160-190 2143 1950-2336 may be related to exudation of the 
24 117 85-160 951 860-1160 drug from the vascular network in 

inflamed eyes. | 

The values obtained in the tear 

samples of patients with active tra- 


choma 24 hours after dosing were five 


* Of four healthy volunteers each receiving an oral dose of 200 mg of minocycline hydrochloride. 


tHour following minocycline dose. 
ND indicates not detected. 


id in sufficient concentrations,’ and 
the drug can concentrate in ocular 
tissues.’ Because of the high lipid sol- 
ubility of minocycline hydrochloride 
and doxycycline hydrochloride, they 
may reach sufficient concentration in 
tears and saliva. Oxytetracycline 
hydrochloride and tetracycline hydro- 
chloride, however, achieve low levels 
of concentration in tears.’ Further- 
more, minocycline is redistributed 
from fatty tissue to other tissues fol- 
lowing drug discontinuation. 

The principal method of action of 
tetracycline is inhibition of aminoacyl] 
t-RNA binding to the A site of the 30S 
ribosome.” It has been suggested 
that in the absence of ribosomal mate- 
rial, the drug interferes with codon- 
anticodon interaction." The net effect 
is inhibition of protein synthesis. 

The more lipophilic derivatives of 
tetracyclines, eg, minocycline and 
cetocycline hydrochloride, seem to act 
at the same intracellular site as tetra- 
cycline.? Moreover, these drugs can 
be bactericidal in the therapeutic 
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range.’ Approximately 90% to 100% 
of the dose is absorbed by the gastro- 
intestinal tract in the fasting individ- 
ual. 

The drug displays a long serum 
half-life of 18 hours and is extensively 
protein bound. Within the tetracy- 
cline family of agents, a good relation- 
ship exists between a drug’s increased 
protein binding and its associated 
decreased renal clearance and in- 
creased half-life." 

Vestibular toxic reactions, reported 
to occur in 30% to 90% of the patients 
treated with usual doses, rapidly dis- 
appear when minocycline therapy is 
discontinued. Nausea, vomiting, and 
diarrhea may complicate oral admin- 
istration of minocycline. In addition, 
as with tetracycline, minocycline is 
contraindicated in children younger 
than 7 years because of tooth discolor- 
ation, enamel hypoplasia, and slowed 
bone growth. Photosensitivity shown 
by a severe sunburn reaction has been 
observed in some individuals taking 
tetracycline compounds. Studies to 
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A Comparison of Retrobulbar and 


Periocular Anesthesia for Cataract Surgery 


Jack L. Weiss, MD, Charles B. Deichman, MD 


è Complications of retrobulbar anes- 
thesia are rare but significant. Periocular 
anesthesia has been advocated as an 
alternative to retrobulbar injections. In a 
prospective, randomized, masked study 
of 79 consecutive cataract extractions 
with intraocular lens implantations, 40 
patients received retrobulbar injections 
and 39 patients received periocular injec- 
tions. In every instance, the volume of the 
injection was 5 mL. No significant differ- 
ence in surgeon’s assessment of akinesia 
and anesthesia was found. Supplemental 
anesthesia was required in eight (21%) of 
the patients who received retrobulbar 
injections and in 11 (28%) of the patients 
who received periocular injections. A sig- 
nificant increase in chemosis was found 
with periocular injections. There was one 
complication with retrobulbar anesthesia 
and none with periocular anesthesia. No 
significant difference in patient assess- 
ment of comfort was found. The efficacy 
of periocular anesthesia appears to be 
comparable to that of retrobulbar anes- 
thesia. 

(Arch Ophthalmol 1989; 107:96-98) 


etrobulbar anesthesia was first 
described by Knapp! in 1884. 
Since that time it has become the 
anesthesia of choice for the great 
majority of ophthalmic surgical pro- 
cedures. Although retrobulbar anes- 
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thesia has proved to be effective and 
relatively safe over many years of use, 
recent articles have documented sig- 
nificant complications, including 
brain-stem anesthesia,”* retinal vas- 
cular occlusion,** ocular perforation,’ 
contralateral amaurosis,*° respiratory 
arrest,” grand mal seizure," and even 
cardiopulmonary arrest.? Due to 
these rare but significant complica- 
tions, some surgeons have begun uti- 
lizing periocular anesthesia, often 
using greater volumes of anesthetic. 
Recent studies" have reported excel- 
lent anesthesia without complications 
in large numbers of patients undergo- 
ing cataract surgery when periocular 
techniques were used. 

To our knowledge, this is the first 
prospective study designed to com- 
pare the efficacy of periocular with 
retrobulbar anesthesia. The study was 
performed in a randomized, masked 
fashion. 


MATERIALS AND METHODS 


Seventy-nine consecutive cataract ex- 
tractions with intraocular lens implants 
performed at The Mary Imogene Bassett 
Hospital, Cooperstown, NY, were random- 
ized as to whether they would receive 
retrobulbar or periocular anesthesia. The 
anesthetic was administered in each case 
in a room separate from the operating 
room. Each patient was given 0.5 to 1.0 mg 
of intravenous midazolam hydrochloride 
prior to the anesthetic injection. The anes- 
thetic was administered by the ophthal- 
mology resident who had been extensively 
trained in both the retrobulbar and peri- 
ocular anesthetic techniques. All of the 
surgery was performed by us and the sur- 
geon was unaware of which type of anes- 
thesia was used in each case. 


The anesthetic mixture used was identi- 
cal in each case and consisted of a 50:50 
mixture of 2% lidocaine hydrochloride and 
0.75% bupivacaine hydrochloride with 
1:200000 epinephrine. Hyaluronidase, 150 
U, was added to each anesthetic mixture. 

Retrobulbar injections were performed 
using 25-gauge, 3.75-cm disposable needles. 
The patient was asked to fixate in the 
primary position and the needle was intro- 
duced at the junction of the lateral one 
third and the medial two thirds of the 
inferior orbital rim. The needle was 
inserted almost to the hub directed toward 
an imaginary posterior extension of the 
visual axis. Aspiration was performed to 
detect possible intravascular injection. 
Five milliliters of the mixture of anesthe- 
sia was slowly injected. The technique of 
the periocular injection was identical to 
that of the retrobulbar anesthesia except 
that a 25-gauge, 1.6-cm needle was utilized 
and was inserted to the point where the 
hub of the needle was indenting the skin. 

In all cases a single injection was used, 
with no separate injections performed for 
lid akinesia. The Honan pressure balloon, 
set at 30 mm Hg, was placed immediately 
following the administration of anesthesia 
and left in place for ten minutes. 

The surgeon checked for total globe 
anesthesia, total inability to squeeze the 
lids, and complete globe akinesia following 
the removal of the balloon. If any sensa- 
tion, even mild, or any motion of the globe 
was noted, then a supplemental anesthetic 
was administered. The supplement con- 
sisted of 0.5 mL of the same mixture of 
anesthetic given as a supratrochlear block. 
No patient in the study required intrave- 
nous sedation during the surgical proce- 
dure. 

Immediately following the surgical pro- 
cedure, the surgeon filled out a question- 
naire. Lid akinesia, globe akinesia, and 
globe anesthesia were each rated on a 
four-point scale. A rating of 4 was given in 
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Mean (+SD) Values for the Retrobulbar 
and Periocular Anesthesia Groups 


Retrobulbar Periocular 





Lid akinesia 3.36 + 0.71 3.13 + 0.83 
Globe akinesia 3.23 + 0.93 2.90 + 1.14 
Globe 

anesthesia 3.12 + 0.98 3.26 + 1.04 
Chemosis * 0.33 + 0.77 1.10 + 1.35 
Comfort 2.90 + 0.59 2.82 + 0.64 





* Significant difference (P < .001). 


instances when the akinesia or anesthesia 
was total. A rating of 3 was given when the 
akinesia or anesthesia was more than ade- 
quate to proceed but not quite total. A 
rating of 2 was given in those cases when 
the akinesia or anesthesia was not ideal 
but just adequate to proceed. If the akine- 
sia or anesthesia was inadequate to pro- 
ceed, it was given a rating of 1. Chemosis 
was graded 0 to 4+. Total anesthesia time 
was recorded. Any signs of the anesthesia 
wearing off during the procedure were 
noted as was the necessity for the surgeon 
to give supplemental local anesthesia. Any 
complications of anesthesia were also 
noted. 

On the first postoperative visit the day 
following the procedure, each patient was 
asked to fill out a questionnaire with the 
assistance of the attending surgeon. The 
patient was asked to describe his/her expe- 
rience as extremely comfortable, comfort- 
able, mildly uncomfortable, or intensely 
uncomfortable during four specified time 
periods: (1) awaiting surgery, (2) during 
anesthetic injection, (3) during the proce- 
dure, and (4) the night after surgery. 


RESULTS 


Of the 79 consecutive cataract 
extractions with intraocular lens 
implants, 40 patients received retro- 
bulbar anesthesia and 39 received per- 
iocular anesthesia. The mean assessed 
value for lid akinesia, globe akinesia, 
and globe anesthesia was rated as 
good in each group (Table). There was 
no significant difference in the mean 
assessment between the retrobulbar 
and periocular groups in any of these 
categories. 

The mean (+SD) amount of chemo- 
sis in the retrobulbar group of 0.33 + 
0.77 was found to be significantly less 
than that of the periocular anesthesia 
group of 1.10 + 1.35 (Table). The 
mean comfort rating was good in each 
group and did not vary significantly 
between the two groups, as shown in 
the Table. 

Supplemental anesthesia was re- 
quired in eight (21% ) of 39 patients in 
the retrobulbar group. This was not 
found to be significantly different 
from the periocular group in which 11 
(28%) of 39 required supplemental 
anesthesia according to a x? test 
(P> 1). 
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Total anesthesia time, including 
preparation for surgery and actual 
operating time, was measured from 
the conclusion of the injection to 
patching of the eye at the end of the 
procedure and ranged from 30 to 90 
minutes. Anesthesia time was less 
than 40 minutes in 15 procedures, 40 
to 60 minutes in 40 cases, and greater 
than 60 minutes in 23 cases. The anes- 
thesia did not show signs of wearing 
off in the 15 procedures with anesthe- 
sia time less than 40 minutes. The 
anesthesia showed signs of wearing 
off during the procedure in ten (26% ) 
of 39 patients in the retrobulbar 
group. This again was not significant- 
ly different from the eight (21% ) of 39 
who showed signs of the anesthesia 
wearing off in the periocular group 
according to the x? test (P > .1). 

One patient in the entire study 
demonstrated a complication from the 
anesthesia. Patient 59 developed 
tachycardia shortly after receiving a 
retrobulbar injection necessitating 
cancellation of the procedure. 


COMMENT 


This study has shown low-volume 
periocular anesthesia to be as effec- 
tive as retrobulbar anesthesia for cat- 
aract surgery with regard to lid and 
globe akinesia and globe anesthesia, 
with patient comfort at all times 
equivalent with either type of anes- 
thetic administration. The only signif- 
icant difference was in the amount of 
preoperative chemosis, which, al- 
though greater in the periocular 
group, in no way hampered or altered 
the surgical procedure. 

The relatively high rate of supple- 
mental anesthesia was not signifi- 
cantly different between the two 
groups. This high rate in both groups 
did not differ significantly from the 
20% to 25% rate of supplementation 
at this teaching institution both prior 
to and subsequent to the study. The 
extensive experience of one of us with 
both techniques at a different institu- 
tion and outside the strict criteria of 
the study demonstrates a very low 
necessity for supplementation. 

The large variation in anesthetic 
time was thought to be due to the fact 
that the study was conducted at a 
teaching institution. Time was taken 
for extensive instruction as well as 
time to allow for the resident to per- 
form portions of the procedure under 
the strict supervision of the attending 
surgeon. 

The periocular injection given in 
this study is simpler than combined 
retrobulbar and lid injections and less 
cumbersome than the periocular 


injections described in previous 
studies utilizing multiple injection 
sites and large volumes of anesthet- 
ic.34 The single injection utilized in 
this study is easy to perform and gives 
equivalent combined akinesia and 
anesthesia to the “standard” retro- 
bulbar injection. 

There were no complications in the 
periocular group and one complication 
in the retrobulbar group. The number 
of complications in this study was not 
significant. However, the total num- 
ber of patients is not large enough to 
determine a true statistical complica- 
tion rate for either technique. Addi- 
tional large-scale studies will be 
needed to address this issue. 

Introduction of a needle into the 
muscle cone is a blind procedure that 
may cause damage to vascular or ner- 
vous tissue that lies within the cone as 
well as possible damage to the globe 
itself. Feibel, in a recent review of 
retrobulbar anesthesia, found an 
approximately 1% incidence of retro- 
bulbar hemorrhage when a blunt nee- 
dle was used and as high as a 5% 
incidence when a sharp needle was 
used. Direct injection into the oph- 
thalmic artery with retrograde flow is 
believed to be the mechanism causing 
cardiopulmonary arrest after retro- 
bulbar anesthesia.” Introduction of 
the needle into the muscle cone near 
the retinal artery may induce spasm 
of the artery resulting in a central 
retinal artery occlusion without direct 
trauma.’ 

Kobet'* demonstrated evidence of a 
direct intrathecal injection during 
retrobulbar anesthesia by recovering 
the anesthetic agent from the cerebro- 
spinal fluid following respiratory 
arrest. Drysdale!’ has given experi- 
mental evidence in a cadaver model 
for a possible subdural injection by 
using a retrobulbar technique. Other 
studies have also demonstrated evi- 
dence of inadvertent direct penetra- 
tion of the optic nerve sheath.*?" 

These complications caused by 
direct or indirect trauma to the optic 
nerve sheath and vascular structures 
as well as direct penetration of the 
globe in high myopes™ would be 
entirely eliminated with the use of the 
periocular injection described in this 
study. With the use of the 1.6-cm 
needle, it is not possible to enter the 
muscle cone and potentially damage 
any of the structures within the cone. 
The anesthetic is slowly injected out- 
side the muscle cone and allowed to 
enter the cone via simple diffusion. 
This is facilitated by the use of the 
Honan pressure balloon and by the 
time interval between administration 
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of anesthesia and initiation of the 
operative procedure. 

A concern with the use of various 
periocular techniques is the increased 
volume of anesthetic. Wittpenn et al,!° 
studying respiratory arrest following 
retrobulbar anesthesia, believed that 
the total amount of anesthetic given, 
both volume and percent, and not 
necessarily a direct intravascular or 
central nervous system injection, was 
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significant in causing respiratory 
arrest. Five milliliters of anesthetic 
was given in each injection in this 
study. This low volume of anesthetic 
gave adequate anesthesia and akine- 
sia in the periocular group as well as 
the retrobulbar group. 

This study has demonstrated that 
periocular anesthesia with one low- 
volume injection is as effective as 
retrobulbar anesthesia for cataract 
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surgery. Periocular injection may not 
only be as effective as retrobulbar 
anesthesia but may also be safer due 
to the lack of entrance into the muscle 
cone. There were no complications in 
the periocular group and one minor 
complication in the retrobulbar group. 
Further large-scale studies will be 
needed to document an expected lower 
complication rate with periocular 
anesthesia. 
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Clinicopathologic Report 


Edited by W. Richard Green, MD 


The Ultrastructural Pathological Features 


of Congenital Microcoria 


A Case Report 


William A. C. Simpson, FRCS, M. Andrew Parsons, MRCPath 


è We describe the light microscopic, 
immunohistochemical, and electron mi- 
croscopic findings in a sporadic case of 
congenital microcoria in a 72-year-old 
man with senile cataract. We demon- 
strated a lack of myofilaments and des- 
min in the stromal cytoplasmic processes 
of the anterior pigmented cells of the iris, 
although other features of muscle differ- 
entiation were present in these few sur- 
viving cell processes that normally form 
the pupil dilator muscle. Degenerative 
changes in anterior pigment cells and iris 
stromal atrophy were thought to be late 
secondary features of microcoria. The 
findings suggest that congenital microco- 
ria results from a defect of intermediate 
filaments in the terminal fetal stages of 
differentiation of the anterior pigmented 
epithelial cell of the iris, with absence of 
myofilaments and consequent failure of 
development of a functional dilator pupil 
muscle. 

(Arch Ophthalmol 1989; 107:99-102) 


See eater microcoria is a develop- 
mental ocular abnormality char- 
acterized by a pupil less than 2 mm in 
diameter in daylight; the pupil does 
not respond to light or accommoda- 
tion.'* The condition may occur spo- 
radically alone or as a hereditary trait 
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in association with other ocular 
abnormalities, including myopia, pu- 
pillary membrane, microphakia, sphe- 
rophakia, ectopic lens, or congenital 
glaucoma with goniodysgenesis.'* 
There may also be a rare association 
with skeletal abnormalities. 

The precise cause of microcoria is 
unknown, although previous studies 
using light microscopy have demon- 
strated defective development of the 
iris dilator muscle.'> We present the 
light microscopic and electron micro- 
scopic findings in a sporadic case of 
congenital microcoria, without associ- 
ated ocular or skeletal abnormalities. 


REPORT OF A CASE 


A 72-year-old man presented with an 
ll-year history of progressive blurring of 
vision, affecting both eyes and reducing 
visual acuity to 6/60 OD and 6/12 OS. On 
examination, both eyes had normal corne- 
as, and anterior chambers were of normal 
depth. The anterior chamber angles and 
intraocular pressures were normal. In both 
eyes, the iris was blue; the stroma was 
stretched and atrophic superiorly, and the 
sphincter muscle was unusually prominent 
(Fig 1). The pupils were less than 1 mm in 
diameter and there was no reaction to 
light, accommodation, or preoperative 
treatment with mydriatics. There were 
moderate right-sided and early left-sided 
cortical cataracts. 

On further questioning, the patient said 
that his vision had been normal until the 
recent deterioration. He had had very 
small pupils all his life but had not noticed 
any undue difficulties with night vision. 
There was no family history of ocular 
disease, and, specifically, no family history 
of microcoria or glaucoma. 

In view of the degree of visual distur- 


bance, a right cataract extraction was per- 
formed with a broad superior iridectomy to 
facilitate instrumentation. Postoperative 
progress was uneventful and his right fun- 
dus appeared normal. Corrected visual 
acuity was 6/6 OD, and he was fitted with 
an extended-wear contact lens. 


METHODS 


The iris was fixed in 3% glutaraldehyde 
in sodium cacodylate buffer (pH 7.4) before 
it was embedded in plastic polymer/paraf- 
fin wax for light microscopy. Sections cut 
at 4 um were stained with hematoxylin- 
eosin and Masson’s trichrome stain. Fur- 
ther sections were stained using the immu- 
noperoxidase peroxidase-antiperoxidase 
method for desmin, an intermediate fila- 
ment present in smooth and skeletal mus- 
clef and myoglobin, which is present in 
skeletal muscle only and therefore was 
used as a negative control in smooth mus- 
cle. All conventional immunological stain- 
ing controls were used. 

Tissue for electron microscopic examina- 
tion was postfixed in 1% osmium tetroxide 
and embedded in epoxy resin before taking 
80-nm sections for examination using a 
Philips 400 transmission electron micro- 
scope (Philips 400, Philips, Eindhoven, 
Holland). 


PATHOLOGICAL FINDINGS 


On light microscopic examination 
(Fig 2) the anterior border layer of 
the iris was lightly pigmented and 
normal. The iris stroma was slightly 
atrophic. The sphincter muscle was 
normal; staining with Masson’s tri- 
chrome stain and desmin (but not 
myoglobin) was demonstrable immu- 
nohistochemically. 

The posterior pigment epithelium 
was normal. The anterior pigment 
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Fig 1.—Right eye showing microcoria, with 
pupil less than 1 mm in diameter. There is 
marked iris stromal atrophy superiorly, and 
sphincter muscle is unusually prominent. 


Fig 2.—Light micrograph of central iris. 
Sphincter muscle (S) is normal, but there are 
only occasional cytoplasmic processes (ar- 
row) of anterior pigment epithelial cells 
extending into iris stroma; in most areas these 
are lost. Only mild stromal atrophy is present 
in this area. Anterior border layer of iris 
contains occasional pigmented cells (hema- 
toxylin-eosin, original magnification X 190). 


Fig 3.—Electron micrograph showing anterior 
pigment cells (bottom), with surviving cyto- 
plasmic processes extending into iris stroma 
(top). Cells show degenerative changes, with 
marked vacuolation within cytoplasmic pro- 
cess (original magnification X3000). 
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Fig 4.—Electron micrograph showing cyto- 
plasmic processes of anterior iris pigment 
cells containing numerous cytoplasmic fila- 
ments (bottom left) but no focal condensations 
characteristic of myofilaments. Numerous 
micropinocytotic vesicles (arrow) and dense 
plaques in relation to cell membranes are 
evidence of partial muscle differentiation (orig- 
inal magnification X20 000). 


Fig 5.—High-power electron micrograph of 
edge of cytoplasmic process of anterior iris 
pigment cell, showing melanosomes (top right) 
and cell membrane-associated micropinocy- 
totic vesicles (right). There are numerous 
cytoplasmic filaments in cytoplasm (left) but 
no focal condensations characteristic of myo- 
filaments (original magnification X 125 000). 


epithelial cells were present but there 
were very few cytoplasmic processes 
of these cells extending into the iris 
stroma; smooth-muscle differentia- 
tion of these processes could not be 
demonstrated by staining with Mas- 
son’s trichrome stain, and desmin was 
not present immunohistochemically. 
On electron microscopic study, pos- 
terior pigmented epithelial cells were 
normal. Anterior pigment cells 
showed prominent degenerative 
changes, particularly within the small 
number of cytoplasmic processes 
extending into the iris stroma (Fig 3); 
there was prominent cytoplasmic vac- 
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uolation, some of the vacuoles con- 
taining proteinaceous material. Mito- 
chondrial numbers appeared slightly 
(approximately 30% ) reduced in ante- 
rior pigment cells, and there was little 
cytoplasmic glycogen in these cells. 
Cytoskeletal intermediate fila- 
ments were numerous in the processes 
of the anterior pigmented cells, but 
there were none with focal densities 
characteristic of the myofilaments of 
normal dilator muscle.’ However, 
there were numerous micropinocytot- 
ic vesicles in relation to the cell mem- 
brane and prominent dense plaques 
on its cytoplasmic aspect (Figs 4 and 








5), both of which are features of nor- 
mal and abnormal smooth-muscle 
cells.’ 


COMMENT 


In this study we report the ultra- 
structural and immunocytochemical 
features of a case of congenital micro- 
coria. Our patient, although 72 years 
old, had a clinical history entirely 
consistent with congenital microcoria. 
This would appear to be a sporadic 
case of microcoria in view of the lack 
of family history of microcoria or its 
other possible associations.: We 
believe that the cataract with which 
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the patient presented was a senile 
cataract and therefore coincidental to 
the microcoria. 

Our findings using light microscop- 
ic examination support those of previ- 
ous studies'® that demonstrated 
defects in the iris dilator muscle, 
although our case is unusual in that 
there are small surviving areas where 
anterior pigment cells have processes 
extending into the iris stroma. In our 
patient, the sphincter muscle was 
abnormally prominent clinically, al- 
though histologically it appeared nor- 
mal; this may well reflect the degree 
of atrophy of the iris stroma superior- 
ly. Iris stromal atrophy is not a recog- 
nized feature of congenital microco- 
ria, but it is possible that in our 
patient the coincident effect of either 
aging or the presence of a cataract are 
significant in its pathogenesis. 

The electron microscopic findings 
confirm that in congenital microcoria 
the primary defect is within the ante- 
rior pigment cells, the cytoplasmic 
processes of which are both greatly 
reduced in number and abnormal in 
structure. When compared with the 
electron microscopic features of nor- 
mal anterior iris pigment cells and 
dilator muscles,’ there are marked 
degenerative changes, with cytoplas- 
mic vacuolation and disintegration of 
cytoplasmic organelles; degenerative 
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changes such as these to our knowl- 
edge have not been described previ- 
ously as an effect of aging (our patient 
is 72 years of age) or secondary to 
cataract and are therefore likely to be 
a feature of microcoria. 

Of greatest interest, however, is the 
absence of the most important feature 
of anterior pigment cell muscle differ- 
entiation, the myofilaments with 
focal dense bodies. This latter feature 
may be of importance in the under- 
standing of the pathogenesis of con- 
genital microcoria, as the absence of 
myofilaments and the intermediate 
filament desmin suggest that there 
has been a failure of differentiation of 
these functionally important fila- 
ments during embryogenesis to the 
extent that the dilator muscle was 
rendered ineffective. 

Some muscle differentiation ap- 
pears to have taken place in the pupil 
dilator muscle of our patient with 
microcoria, as evidenced by the pres- 
ence of micropinocytotic vesicles and 
dense plaques’ in relation to the cell 
membrane of the few surviving cyto- 
plasmic processes of the anterior pig- 
mented cells of the iris. Thus, the 
primary defect appears to be the fail- 
ure of development of the myofila- 
ments in these cells. However, the 
sphincter muscle of the iris, which is 
functionally and histologically nor- 
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mal, is derived embryologically from 
the same layer of cells in the outer 
layer of the optic cup as the anterior 
pigment cells and normally they have 
the same potential for muscle differ- 
entiation. 

The possibility that a lack of myo- 
filament differentiation in the anteri- 
or pigment cells might be due to a 
specific lack of innervation of these 
cells can be addressed using the anal- 
ogy of congential Horner’s syndrome; 
here there may be a lack of sympa- 
thetic innervation of the dilator mus- 
cle throughout the later stages of 
embryogenesis, although the dilator 
muscle is present and capable of func- 
tion when stimulated by the sympa- 
thomimetic drug phenylephrine hy- 
drochloride.? Furthermore, congenital 
Horner’s syndrome does not produce 
microcoria clinically. 

We believe that congenital microco- 
ria results from a specific defect of 
differentiation of intermediate fila- 
ments, with failure of development of 
functional myofilaments and func- 
tional pupil dilator muscle. This 
defect appears to be due to a primary 
failure of the terminal stages of 
embryological differentiation of ante- 
rior pigmented cells of the iris rather 
than as a result of lack of innerva- 
tion. 
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Zonular breaks, capsular tears, and vitreous 
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surgery. 

The trauma of surgery triggers the release 
of prostaglandins in ocular tissues. That natural 
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miosis. The end result? The potential risk of 
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Miosis can pose difficulties 
in locating and removing 
residual cortical material. 
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IOL insertion through a 
small pupil may prove 
difficult. 


Repeated manipulation of 
the iris may occur during 
phacoemulsification, when 
miosis has developed. 
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Residual cortical material 
may be easily located and 
removed. 


IOL insertion and position- 
ing within the capsular bag 
is facilitated. 


Potential risk of iris insult 
and other ocular trauma is 
decreased. 
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Gentamicin Toxicity in the Primate Retina 


Brian P. Conway, MD; Cyrus A. Tabatabay, MD; Peter A. Campochiaro, MD; 
Donald J. D’Amico, MD; Laila A. Hanninen; Kenneth R. Kenyon, MD 


@ To study the toxic effect of amino- 
glycoside antibiotics in the primate retina, 
gentamicin sulfate was injected into the 
center of the vitreous cavity of Cebus 
navrigatus monkeys. At a dose of 1000 to 
3000 yg, a picture consistent with appar- 
ent macular infarction appeared on fun- 
dus examination and fluorescein angiog- 
raphy by three days and gradually faded 
by 21 days. While light and electron 
microscopic examination of the retina 
showed no primary vascular lesions, strik- 
ing damage to the inner retinal layers, 
mainly the nerve fiber layer, ganglion cell 
layer, and the inner plexiform and nuclear 
layer, was seen. Less severe effects in 
the outer retinal layers and the retinal 
pigment epithelium occurred. These ob- 
servations suggest that the neurotoxic ef- 
fect of intravitreal gentamicin was suffi- 
cient to cause a complete shutdown of 
the regional blood flow, perhaps by the 
mechanism of granulocytic plugging of 
the capillary bed. Although this toxic 
effect occurred at doses considerably in 
excess of what has been recommended 
for clinical use in humans, the ‘“‘safe”’ 
dose of intravitreal gentamicin, neverthe- 
less, remains to be established unequivo- 
cally. 

(Arch Ophthalmol 1989; 107:107-112) 
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[ ntravitreal antibiotics have become 
a mainstay in the modern therapy 
of infectious endophthalmitis. Be- 
cause of its excellent spectrum 
against gram-negative bacteria, espe- 
cially Pseudomonas, gentamicin sul- 
fate has been the antibiotic most fre- 
quently included in the various recom- 
mended regimens.'* Extensive labora- 
tory work‘? preceded the introduction 
of this technique into clinical practice, 
and the experience with it has gener- 
ally seemed encouraging.*”° 

Recently, however, there have been 
reports of cases in which eyes have 
developed fundus abnormalities after 
intravitreal gentamicin therapy. Most 
have received doses that were clearly 
excessive,'!'? but some cases have been 
reported after recommended doses.” 
One confusing aspect has been the 
dissimilarity in the fundus manifesta- 
tions described in these reports and 
the toxic manifestations reported in 
the fundus of the rabbit, the animal 
model in which the majority of the 
preliminary experimental work was 
performed. In the rabbit retina, the 
toxic changes occur predominantly in 
the outer segments of the photorecep- 
tors and in the retinal pigment epithe- 
lium*’'* and cause late changes in 
fundus pigmentation. In the reported 
human cases, the fundus picture was 
one simulating infarction of the 
retina, with shutdown of capillary 
flow seen on fluorescein angiography, 
accompanied by opacification and 
thickening of the retina. These differ- 
ences suggest that gentamicin may 
have a previously unrecognized form 
of toxicity peculiar to the fully vascu- 
larized or foveate retina. To investi- 
gate this possibility we performed 
this study examining the effect of 


intravitreal gentamicin on the pri- 
mate retina. We also sought to better 
understand the mechanism of the tox- 
icity that occurs in the human retina 
with high doses of intravitreal genta- 
micin. 

METHODS 


The three Cebus navrigatus monkeys 
(weighing 2 to 3 kg) used in this study were 
housed in a 16-hour light-cycle and eight- 
hour dark-cycle environment and were 
cared for in a manner consistent with the 
provisions of the Association for Research 
in Vision and Ophthalmology resolution on 
the use of animals in research. After in- 
duction of adequate anesthesia with intra- 
muscular ketamine, the ocular fundi of 
three monkeys were photographed with a 
wide-angle fundus camera. A fluorescein 
angiographic examination was performed 
after intravenous injection of 7 mg/kg of 
25% sodium fluorescein. 

Gentamicin sulfate was obtained com- 
mercially and diluted with saline solution 
to 30 or 10 mg/mL. Injection of 0.1 mL of 
these solutions yielded vitreous doses of 
3000 wg and 1000 ug, respectively. After 
baseline testing was completed, each of the 
three monkeys received an intravitreal 
gentamicin sulfate injection of 3000 ug in 
the right eye and 1000 yg in the left. The 
injections were made in the superotempo- 
ral quadrant 2 mm posterior to the limbus 
using a 30-gauge 1.27-cm needle. With the 
bevel of the needle facing anteriorly, 0.1 
mL of gentamicin solution was injected 
into the center of the vitreous cavity, while 
the fundus was viewed with indirect oph- 
thalmoscopy. The fundus was rechecked by 
indirect ophthalmoscopy at 60 minutes 
after injection, when the animals were 
partially recovered from anesthesia. No 
control animals were used, but similar 
studies in our laboratory in squirrel mon- 
keys, a closely related primate species, 
have shown no toxic effects from intravi- 
treal injection of 0.1 mL of a solution 
containing the same preservatives (meth- 
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ylparaben, 1.8 mg/mL, and propylparaben, 
0.2 mg/mL) used in the undiluted commer- 
cial gentamicin. 

The indirect ophthalmoscopy, color fun- 
dus photography, and fluorescein angiog- 
raphy were repeated in all animals on the 
first day after injection. After again 
repeating these studies on the third day 
after injection, one of the animals was 
killed. The same studies were then re- 
peated on the two remaining animals at 
seven days, after which a second monkey 
was killed. After repeating the studies 
again on the single remaining monkey at 
21 days, it was killed. 

To assure the best preservation of vascu- 
lar detail, the anesthetized animals were 
killed by left ventricular perfusion of 
saline followed by a solution of 2% para- 
formaldehyde and 2.5% glutaraldehyde in 
a phosphate buffer with a pH of 7.4, while 
the animal was simultaneously exsangui- 
nated by amputating the right auricular 
appendage. The eyes were then removed, 
sectioned, and placed in 2% paraformalde- 
hyde and 2.5% glutaraldehyde in a 0.1- 
mol/L cacodylate buffer solution for 12 
hours. They were then transferred to a cold 
solution of the same buffer for storage 
before processing. Specimens for light 
microscopic studies were embedded in 
hydroxyethyl methacrylate resin (Histo- 
resin-R) and l-um thick sections were 
stained with hematoxylin-eosin. For elec- 
tron microscopic examination, specimens 
were postfixed in 1% osmium tetroxide, 
dehydrated in graded alcohols, and embed- 
ded in an epoxy resin (Epon). Thin sections 
were stained with uranyl acetate-lead 
citrate and were examined with a trans- 
mission electron microscope (Phillips). 





Fig 1.—One day after injection of 3000 „g of gentamicin sulfate. Fluorescein angiography shows 
multiple focal leaks throughout fundus. No closure of capillary circulation is evident. 


Fig 2.—Three days after injection of 3000 ug of gentamicin sulfate. Top, Patches of opacification 
and thickening of retina are seen throughout posterior pole, especially in macula. Bottom, 
Fluorescein angiography shows occlusion of capillary circulation in posterior pole. 


RESULTS 
Ophthalmoscopic and Angiographic 
Findings 


Preinjection fundus examination 
and angiography showed minor pig- 
ment epithelial abnormalities consis- 
tent with the relatively advanced age 
of the animals used. 

At the lower dose of 1000 ug of 
gentamicin sulfate, by three days 
after injection, color photography 
showed diffuse edema of the posterior 
pole in two of the three eyes, one of 
which also had flame hemorrhages in 
the periphery of the superotemporal 
quadrant. The third eye appeared 
completely normal. Fluorescein angi- 
ography showed perivascular hyper- 
fluorescence of all of the vessels in the 
posterior pole in all three eyes. This 
evolved into a diffuse edema of the 
posterior pole, as was seen in the late 
stages of the angiogram. 

By the first day, all three eyes 
injected with 3000 ug of gentamicin 
sulfate showed diffuse edema of the 
retina with massive leakage on the 
fluorescein angiogram (Fig 1). By the 
third day, patches of the retina had 
turned white (Fig 2, top). Fluorescein 
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Fig 3.—Seven days after injection of 1000 ug of gentamicin sulfate. Inset, Light microscopy 
discloses swelling of nerve fiber and ganglion cell layer (NFL) without involvement of outer retinal 
layers and retinal pigmented epithelium. Retinal blood vessels (V) appear patent (hematoxylin- 
eosin, original magnification X200). Top, Transmission electron microscopy of the inner retina 
shows vessels (V) of essentially normal appearance (right) adjacent to a necrotic ganglion cell 
(left) (original magnification X 11000). Bottom, Despite normal appearance by light microscopy, 
transmission electron microscopy resolves widening of basal infoldings (asterisks) of the retinal 
pigment epithelial cells (original magnification X6000). 


angiography (Fig 2, bottom) demon- 
strated striking closure of the capil- 
lary bed in these locations. The areas 
of absent capillary flow were pene- 
trated for short distances by the 
remaining patent and perfused larger 
retinal vessels; this picture was little 
changed at seven days. By 21 days 
after injection, both eyes of the single 
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remaining animal had developed cata- 
racts, which prevented fundus exami- 
nation. 


Morphologic Findings 


After intravitreal injection of 1000 
ug of gentamicin sulfate, changes 
were most marked in the inner retinal 
layers. As seen on light microscopic 


examination, considerable swelling of 
the nerve fiber layer and ganglion cell 
layer was evident, but the outer seg- 
ments and retinal pigment epithelium 
looked normal. However, when exam- 
ined by electron microscopy, widening 
of the basal infoldings and loss of 
polarity in the retinal pigment epithe- 
lial cells were evident. The morpho- 
logically normal appearance of the 
retinal vessels interposed among 
necrotic ganglion cells was striking 
(Fig 3). 

Three days after the intravitreal 
injection of 3000 ug of gentamicin 
sulfate, extreme edema of the nerve 
fiber layer was seen. Electron micro- 
graphic examination showed that the 
edema was primarily intracellular, 
with massive thickening of the gangli- 
on cell axons. There was a prominent 
inflammatory response on the surface 
of the internal limiting membrane, 
with infiltration of the retina by poly- 
morphonuclear neutrophils. Despite 
these profound abnormalities in the 
adjacent retinal tissue, examination 
of the retinal vessels showed no sign 
of any abnormality. Similar but less 
severe changes were present in the 
outer segments and retinal pigment 
epithelium. 

Seven days after injection of 3000 
ug of gentamicin sulfate, the changes 
remained. In some areas, inflammato- 
ry exudate filled the retinal vessels. 
The nerve fiber layer had been con- 
verted to necrotic debris (Fig 4), while 
the photoreceptors and outer nuclear 
layer appeared normal. In the eye 
examined 21 days after injection, the 
swelling of the nerve fiber layer had 
decreased, but examination at higher 
power showed that this was due to 
atrophy. In the areas of the retina 
that had shown nonperfusion of the 
capillary bed, there were granulocyte 
plugs filling the vessels (Fig 5). The 
outer retinal layers and retinal pig- 
ment epithelium had returned to a 
more normal appearance, but some of 
the outer segments had undergone 
complete atrophy. 


COMMENT 


The ophthalmoscopic and fluoresce- 
in angiographic picture in primates 
after intravitreal injection of genta- 
micin closely mimics the clinical pic- 
ture seen in some patients treated 
with intravitreal gentamicin for 
endophthalmitis." Eyes receiving 
the 3000-ug dose showed the same 
geographic distribution of profound 
swelling and opacification of the inner 
retinal layers. Fluorescein angiogra- 
phy demonstrated capillary nonperfu- 
sion that was most severe in the mac- 
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Fig 4.—Seven days after injection of 3000 ug of gentamicin sulfate. Inset, Light microscopy illustrates massive swelling of 
nerve fiber layer (NFL), while retinal vessels (V) appear intact. Inner nuclear layer appears reduced in thickness to one or two 
cell layers (hematoxylin-eosin, X200). Top, Transmission electron microscopy of inner retina shows extensive destruction of 
NFL beneath normal-appearing internal limiting membrane (ILM) (X11 000). Bottom, By transmission electron microscopy, 
extensive cellular destruction and swelling of inner nuclear layer is also evident (X6000). 
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Fig 5.— Twenty-one days after injection of 3000 ug of gentamicin sulfate. Inset, Light microscopy 
shows decreased thickening of nerve fiber layer and patent vessels (V) (hematoxylin-eosin, 
original magnification X 100). By transmission electron microscopy, retinal blood vessel is shown 
in longitudinal section with inflammatory cells filling its lumen and extensive swelling of pericytes 


(asterisks) (original magnification X4000). 


ula, similar to what had been seen in 
the patients with endophthalmitis. 
The striking picture of capillary 
nonperfusion seen on fluorescein 
angiography had suggested that the 
toxic effect of the gentamicin is mani- 
fested primarily through the vascula- 
ture. This does not seem to be the case. 
We found areas in which the major 
retinal vessels and the capillary bed 
appeared relatively normal, despite 
profound abnormalities in the sur- 
rounding inner retinal layers. This 
was particularly evident at the 1000- 
ug dose level, where fluorescein angi- 
ography showed only diffuse perivas- 
cular hyperfluorescence of the walls 
of the major vessels, and subsequent 
light and electron microscopic exami- 
nation showed only minor changes in 
the retinal vasculature, despite a vir- 
tual necrosis in the adjacent neuro- 
sensory retina. Even at the 3000-yg 
dose, when infarction of the inner 
retinal layers was evident on fluores- 
cein angiography and on histopatho- 
logic examination, no evidence of pri- 
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mary lesions in the vascular endothe- 
lium existed. The fluorescein angio- 
graphic examination performed 24 
hours after injection of 3000 ug of 
gentamicin sulfate showed a perfused 
vasculature, but the study performed 
two days later, a time well past the 
peak concentration of gentamicin in 
the vitreous, showed a shutdown of 
the circulation to the macula. This 
combination of findings constitutes 
strong evidence that the primary toxic 
effect is to the neural retinal tissue 
itself and that the vascular changes 
were secondary to this. In retrospect, 
this is logical, since gentamicin is not 
known to be a vascular irritant, while 
a primary neurotoxicity has been 
demonstrated.'® 

This being the case, the mechanism 
of the distinctive angiographic ap- 
pearance of shutdown of the capillary 
bed needs to be considered. In the 
past, it has been hypothesized that 
flow through the capillaries can be 
shut down by the pressure of swollen 
tissue, but recently interest has 


shifted to “granulocyte plugging” as a 
mechanism for irreversible capillary 
occlusion in a variety of pathologic 
situations.” The phenomenon has 
been encountered most clearly after 
occlusion of major vessels where 
stasis leads to granulocytes filling and 
plugging the capillary bed, causing 
the “no-reflow” effect after the vessel 
is reopened. The effect has also been 
detected in processes characterized by 
inflammation without low pressure." 
In this regard, the condition of the 
vessels in the eyes that received the 
high dose (3000 ug) of gentamicin sul- 
fate is of interest (Fig 5). Many of the 
capillaries in the area of apparent 
infarction were filled with a dense 
protein exudate and contained granu- 
locytes. We hypothesize that the 
inflammation of the inner layers of 
the retina associated with massive 
toxic effects of gentamicin may be 
severe enough to induce granulocytic 
plugging, with permanent closure of 
the capillary bed. 

Gentamicin toxicity in the primate 
retina has been studied. Bennett and 
Peyman” injected increasing concen- 
trations of aminoglycoside antibiotics 
into the vitreous cavity of monkey 
eyes. These eyes were examined daily 
by direct ophthalmoscopy. Opacifica- 
tion of the posterior pole of the lens 
was noted at the higher 1000-ug and 
2000-ug doses of gentamicin sulfate, 
but no fundus findings were de- 
scribed. When the eyes were enucle- 
ated at four weeks, results of histo- 
pathologic examination showed gross 
disorganization of the retina, but only 
in the eyes receiving 2000 ug of genta- 
micin sulfate. Eyes that received 1000 
ug of gentamicin sulfate had normal 
histologic and _ electroretinographic 
findings. 

There seems to be no simple expla- 
nation of discrepancy between the 
results of our study and those of Ben- 
nett and Peyman” at the 1000-yg dose 
of gentamicin sulfate. Our study used 
the eyes of Cebus monkeys, while 
theirs used the eyes of owl monkeys. 
The latter are slightly larger, but this 
seems an unlikely explanation for the 
different findings. The pathologic 
changes we found were most promi- 
nent at the third and seventh days 
after injection. By 21 days after injec- 
tion, the findings were less striking. It 
is possible that the four-week interval 
before enucleation was enough for 
complete resolution of the light 
microscopic findings in the eyes that 
they studied. A separate study, 
recently published, was designed to 
ascertain whether subtle electron 
microscopic abnormalities might be 
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caused by the 400-ug dose of gentami- 
cin sulfate that their group has rec- 
ommended for clinical use.” The eyes 
of cynomolgus monkeys were used, 
and no abnormalities were found at 
this dose when the eyes were studied 
at periods ranging from one day to 
one month. However, a toxic dose was 
not established, and as only normal 
retinas were reported, the possibility 
of methodological variations cannot 
be excluded. There is a conspicuous 
contrast between the predominant 
damage to the inner layers of the 
retina seen in the human cases and in 
our primate model and the predomi- 
nant damage to the outer retinal lay- 
ers reported®”* in the rabbit. Clear 
differences in the structure of the 
retina of the two species can probably 
account for the dissimilar manifesta- 
tions. The most obvious difference is 
that the rabbit retina is merangiotic, 
with retinal vessels present only in 
the horizontal medullary ray, while 
primate retinas are holangiotic, with 
the entire retina fed by the retinal 
vasculature. In light of the absence of 
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any primary vascular toxic effects, 
this difference seems irrelevant. 
Probably more important is the rela- 
tively poor development of the inner 
retina in the rabbit. This is due to a 
high degree of neural convergence 
that results in a relatively thin gan- 
glion cell and nerve fiber layer. In 
contrast, the ganglion cell and nerve 
fiber layers of the primate retina are 
much thicker, particularly in the 
fovea. This agrees with the observa- 
tion that the toxic manifestations 
have been most prominent in the mac- 
ula. 

The state of the vitreous and the 
location of the injection within the 
vitreous has been deemed important 
in determining whether or not genta- 
micin toxicity occurs.” A different 
character of vitreous could constitute 
a third reason for the species differ- 
ence. However, recent studies have 
questioned the existence of a signifi- 
cant protective effect of the vitre- 
ous.” 

The toxic effects described herein 
were produced with intravitreal doses 
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Photoablation of Ocular Melanoma With a 
High-Powered Argon Endolaser 


Glenn J. Jaffe, MD; William F. Mieler, MD; Janice M. Burke, PhD; George A. Williams, MD 


@ We studied the use of a 15-W argon 
blue-green laser in the treatment of cho- 
roidal melanoma in a rabbit model. 
Greene melanoma cells were used to 
produce 2- to 4-mm thick tumors posteri- 
orly in the suprachoroidal space in pig- 
mented rabbits. Endophotocoagulation 
delivered through a 600-um fiberoptic 
probe was performed to ablate the tumor 
tissue and a surrounding margin of normal 
tissue. A vitreous cutter was used simulta- 
neously to remove liberated necrotic 
debris. The effect of the laser on tumor 
and normal ocular tissue was evaluated 
by light microscopy and the extent of the 
proliferative response by tritiated thymi- 
dine radioautography. Application of 100 
to 400 pulses of laser energy using treat- 
ment parameters of 12 to 14 W of power 
and 0.1-s pulses resulted in complete 
ablation of melanoma tissue, overlying 
retina, and choroid. There was no sub- 
stantial intraoperative or postoperative 
hemorrhage. Material liberated during the 
laser treatment was found to be nonvia- 
ble. The effect of the laser on tissue 
appeared localized to within approximate- 
ly 1.25 mm of the margin of the central 
lesion. The high-energy argon laser 
seems to offer a means of effectively 
ablating melanoma tissue via an internal 
resection approach. 

(Arch Ophthalmol 1989; 107:113-118) 


Aree" laser photoablation of ocular 

melanoma is presently limited to 
relatively small, posteriorly located 
tumors because of limitations in 
energy output of currently available 
ophthalmic lasers. Most ophthalmic 
lasers are capable of generating a 
maximum power of approximately 3 
W, and multiple treatment sessions 
spread over several months may be 
required to eradicate the tumor.' 


Accepted for publication May 27, 1988. 
From the Departments of Ophthalmology (Drs 


- Jaffe, Mieler, Burke, and Williams) and Anatomy 


and Cellular Biology (Dr Burke), Medical College 
of Wisconsin, Milwaukee. 

Reprint requests to The Eye Institute, 8700 W 
Wisconsin Ave, Milwaukee, WI 53226 (Dr Miel- 
er). 


Arch Ophthalmol— Vol 107, Jan 1989 


Severe complications, including hem- 
orrhage, retinal detachment, and cys- 
toid macular edema, have further 
tempered enthusiasm for this treat- 
ment modality. High-energy argon 
lasers have been used in nonophthal- 
mic applications to treat central 
nervous system neoplasms*’ and 
endometriosis,’ and to perform argon 
laser “endoangioplasty” to remove 
atheromatous plaques from coronary 
vessels.‘ In this study, we investigated 
the feasibility of using a water-cooled 
15-W argon endolaser to ablate ocular 
choroidal melanoma in a rabbit mod- 
el. Ablation was conducted by an 
internal approach with a fiberoptic 
laser probe combined with pars plana 
vitrectomy. The effects of the high- 
powered laser on normal ocular tis- 
sues were also evaluated. 


MATERIALS AND METHODS 
Tumor Implantation 


Greene melanoma cells were used to 
produce tumors in adult pigmented rabbits 


weighing 2 to 3 kg using a technique 
described previously.° Tumors were propa- 
gated in the anterior chamber and then 
implanted posteriorly in the suprachoroi- 
dal space of additional rabbits and were 
allowed to grow for two to three weeks. A 
barrier ring of laser photocoagulation was 
placed around the tumor implantation site 
to prevent retinal detachment following 
tumor ablation. Visible nodular tumor 
growth was produced in 13 (86% ) of 15 eyes 
within two weeks (Color Fig 1, left). By two 
to three weeks, the tumor had achieved a 
thickness of approximately 3 to 5 mm. 


Laser Photoablation of Tumors 


Animals were anesthetized with 1 mL of 
a 1:1 mixture of ketamine hydrochloride 
(100 mg/mL) and xylazine hydrochloride 
(20 mg/mL) injected subcutaneously. With 
a three-port vitrectomy system, a 20-gauge 
pars plana infusion cannula was inserted 
1.0 mm posterior to the limbus in the 
inferotemporal quadrant, sutured in place, 
and connected to an irrigating solution 
(balanced salt solution [BSS], Alcon, Fort 
Worth, Tex). A vitreous cutter was 
inserted through a second sclerotomy at 


Fig 1.—Appearance immediately following partial laser ablation showing untreated tumor (arrow- 
head), partially treated tumor tissue (double arrowheads), and completely treated tumor with abla- 
tion of retina and choroid to bare sclera (triple arrowheads) (hematoxylin-eosin, X 150). 
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Color Fig 1.—Left, Nodular tumor growth (arrow) inferior to medullary ray. Tumor is surrounded by barrier of 
photocoagulation (double arrows). Right, Immediately following tumor ablation, tumor and surrounding margin of normal 
tissue have been ablated. Bare sclera is visible centrally and is surrounded by rim of whitened retina. 





Color Fig 2.—Acute laser effect in normal tissue produced by single 
laser pulse. Retina and choroid are completely obliterated centrally. 
Bare sclera and vapor bubble are visible in central portion of lesion. 
Lesion is surrounded by ring of whitened retina. 


the 2-o’clock position, and a 600-um fiber- 
optic laser probe connected to a 15-W laser 
(HGM, model 20, Salt Lake City) was 
inserted into the third sclerotomy at the 
10-o’clock position. The tip of the fiberoptic 
probe was positioned 1 to 2 mm from the 
tumor surface under direct visualization 
with an operating microscope using a con- 
tact lens and coaxial illumination. Laser 
treatment parameters were 10 to 15 W of 
power for 0.05- to 0.1-s pulses. The vitreous 
cutter was used to remove necrotic tissue 
as the laser ablation proceeded. Ablation 
of tumor and a surrounding margin of 
normal tissue was continued until bare 
sclera was visualized. At the completion of 
the procedure, the sclerotomies were closed 
with 9-0 nylon suture. 

To determine if viable melanoma cells 
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were released during laser ablation, vitrec- 
tomy fluid was collected from eight ani- 
mals immediately following the procedure. 
This material was centrifuged at 1000 x g 
for five minutes and resuspended in BSS. 
The pooled material was then injected into 
the anterior chamber of three rabbits. Two 
of the rabbits received an anterior cham- 
ber injection of material pooled from three 
vitrectomy samples. The third rabbit was 
given an injection of material pooled from 
two vitrectomy samples. 

To verify that melanoma that had been 
implanted in the suprachoroidal space 
could be repropagated in the anterior 
chamber, a tumor was implanted in the 
posterior suprachoroidal space as de- 
scribed above. When the tumor had 
achieved a thickness of 4 mm, it was har- 


Color Fig 3.—Appearance of lesion produced in normal tissue 2% 
weeks following application of single laser pulse. Less sclera is visible 
centrally compared with acute lesion. Surrounding tissue is hyperpig- 
mented. 


vested for repropagation. Tumor tissue 
was minced, and approximately 0.5 mm? 
was suspended in 500 „uL of BSS; 100 uL 
was injected into the anterior chamber of 
each of three rabbit eyes, and the eyes 
were examined every five days for tumor 
growth. 

Animals treated by laser ablation and 
animals receiving anterior chamber injec- 
tion of pooled vitrectomy material were 
examined biweekly by indirect ophthal- 
moscopy for evidence of tumor growth. Ani- 
mals were killed with intracardiac pento- 
barbital sodium at intervals varying from 
ten minutes to three months following the 
initial laser treatment. Eyes were enucle- 
ated, fixed in glutaraldehyde/paraformal- 
dehyde, and embedded in paraffin. Lesions 
were sectioned serially at 5 um, and every 
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Fig 2.—Photomicrographic montage of lesion one month following treatment. Tumor growth is visible at margins of lesion 
(double arrows), but central treated area is tumor free (arrow) (hematoxylin-eosin, original magnification X 150). 


Fig 3.—Left, Subchoroidal mass of tumor cells corresponding to nodular elevation seen clinically (arrowhead). Retinochor- 





oidotomy for tumor implantation is to left (double arrowheads) (hematoxylin-eosin, original magnification X150). Right, 
Clinically undetectable diffuse tumor spread in and beneath peripheral choroid (arrowheads) (hematoxylin-eosin, original 


magnification X375). 


tenth section was stained with hematoxy- 
lin-eosin for light microscopic analysis. 


Laser Treatment of Normal Ocular 
Tissues 


If the high-powered argon laser is to be 
useful clinically for the ablation of ocular 
melanoma, it should have only focal effects 
on adjacent tissues which then heal nor- 
mally. The nature and extent of the laser 
effect on normal tissues and the wound 
response in normal rabbit eyes were stud- 
ied for one month following laser treat- 
ment. For these experiments, laser lesions 
were formed with the 15-W argon endolas- 
er in the posterior pole of 16 eyes of 
pigmented rabbits with no prior clinically 
visible ocular abnormality. Animals were 
anesthetized as described above. A 600-um 
fiberoptic laser probe was inserted 
through a sclerotomy 1.5 mm from the 
limbus and held perpendicular to the reti- 
na approximately 1 mm from the retinal 
surface and 3 mm inferior to the optic ray. 
A single laser burn was placed using 14-W 
energy and 0.1-s pulses. 
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Animals were examined biweekly by in- 
direct ophthalmoscopy and killed at five 
minutes, seven days, 17 days, or 28 days fol- 
lowing laser treatment. Radioautographic 
labeling of cell nuclei with tritiated thymi- 
dine was used to determine the extent of the 
cellular proliferative response to laser 
treatment. Twenty-four hours before enu- 
cleation, tritiated thymidine (20 aCi in 100 
uL of saline) was injected into the midvi- 
treous cavity via the pars plana using a 
30-gauge needle on a tuberculin syringe. 

Eyes were processed for microscopy and 
embedded in paraffin as described above. 
Full-thickness eye walls in the region of 
the laser lesions were sectioned serially at 
5 um. Sections were alternately stained 
with hematoxylin-eosin for histologic 
examination or processed for radioautog- 
raphy as previously described.’ 


RESULTS 
Laser Photoablation of Melanoma 


Application of 100 to 400 laser 
pulses (12 to 14 W per shot, 0.1-s 


pulses) and removal of necrotic debris 
with the vitreous cutter resulted in 
ablation of melanoma tissue, includ- 
ing overlying retina and choroid to the 
margins of clinically visible tumor. 
Photoablation was performed until 
bare sclera was visualized. Hemor- 
rhage was encountered minimally 
during the procedure. Occasionally, a 
small amount of choroidal or tumor 
bleeding occurred that was easily 
stopped with a single laser shot. 
During the laser treatment, small 
vapor bubbles and localized necrotic 
debris were formed and readily 
removed with the vitreous cutter. The 
retina at the margins of the treated 
area was whitened and slightly edem- 
atous. This apparent thermal effect 
extended for approximately 0.5 to 1.0 
mm from the edge of the ablated 
tissue; the adjacent untreated retina 
appeared unaffected (Color Fig 1, 
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Fig 4.—Left, Acute lesion produced in normal tissue by single laser pulse. Retina, choroid, and portion of sclera are 
completely ablated. Scleral fibers are swollen in bed of lesion (hematoxylin-eosin, original magnification X 150). Right, Higher 
magnification of part of field at left. Vacuolation of inner and outer retinal layers at lesion margin. Choroid at wound margin 
appears coagulated by thermal effect. Adjacent tissue appears normal (hematoxylin-eosin, original magnification X375). 





Fig 5.—Laser lesion in normal tissue one week following treatment. There are intravitreal 
inflammatory cells in region of lesion. Some mononuclear cells are labeled with tritiated thymidine 
(small arrowheads), indicating recent recruitment into vitreous. Central portion of lesion has 
material resembling granulation tissue. This tissue contains many cells with tritiated thymidine- 
labeled nuclei (some of which are indicated by large arrowheads), indicating cell proliferation and 
wound healing (hematoxylin-eosin, original magnification X750). 


right). 

Light microscopy of tissues ob- 
tained immediately following treat- 
ment showed complete ablation of ret- 
ina, choroid, and tumor tissue to bare 
sclera (Fig 1). There was moderate 
scleral edema in the region underlying 
the central treatment area. The cho- 
roid and choriocapillaris were en- 
gorged immediately adjacent to the 
lesion. Approximately 1500 um away 
from the lesion, the retina and choroid 
appeared normal. Eleven eyes were 
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examined by indirect ophthalmoscopy 
and histopathologically up to three 
months following laser ablation of 
tumors. In all the eyes, the central 
portion of the tumor directly treated 
with the laser remained tumor free 
clinically and histologically. Tumor 
growth was detected at the margins of 
the laser lesion in eight of 11 eyes 
(Fig 2). 

The extent of tumor growth before 
laser treatment was examined histo- 
logically in one animal to determine if 


the tumor growth at the treatment 
margins might be due to clinically 
unrecognized, and therefore un- 
treated, tumor extending beyond the 
margins of treatment. A tumor was 
implanted posteriorly in the supra- 
choroidal space, and a surrounding 
ring of laser was placed. When the 
tumor reached a size identical in oph- 
thalmoscopic appearance to those 
treated with laser photoablation, the 
animal was killed without undergoing 
laser tumor ablation. The posteriorly 
located nodular tumor seen ophthal- 
moscopically appeared histologically 
as a solid mass of subchoroidal and 
choroidal tumor cells. Additionally, 
however, there was flat, diffuse tumor 
growth present in the peripheral cho- 
roid beyond the margins of clinically 
visible tumor (Fig 3). 

When pooled vitrectomy samples 
containing cellular debris liberated 
during tumor ablation were injected 
intracamerally, no tumor growth was 
detected. In contrast, tumors grew in 
the anterior chamber in three of three 
eyes given an intracameral injection 
of tissue fragments obtained from an 
untreated melanoma that had been 
implanted posteriorly in the supra- 
choroidal space. 


Laser Effects on Normal Ocular Tissues 


In the lesion obtained five minutes 
after laser treatment, the retina and 
choroid were completely obliterated 
in the central portion (Color Fig 2 and 
Fig 4, left). The underlying scleral 
fibers were swollen. The adjacent cut - 
edges of the choriocapillaris and cho- 
roid appeared coagulated by the ther- 
mal effect of the laser. Near the mar- 
gin of the lesion, the choroid and 
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Fig 6.—Laser lesion in normal tissue 2% weeks following treatment. Inflammatory cells are 
decreased in number and a small proportion have nuclei labeled with tritiated thymidine compared 
with lesion at one week. Retina is artifactitiously detached except at margin of lesion (arrow), 
where there is firm chorioretinal adhesion (hematoxylin-eosin, original magnification X 150). 


choriocapillaris were occluded (Fig 4, 
right). In the retina, the photorecep- 
tor outer segments were disrupted 
and the outer nuclear and nerve fiber 
layers were vacuolated. Beyond the 
edge of the lesion, there was engorge- 
ment of the choroid that extended for 
approximately 1.0 mm, but the retina 
was normal. There appeared to be a 
sharp boundary between the laser 
lesion and the adjacent normal tissue. 
There were few erythrocytes overly- 
ing the lesion area. 

One week after laser treatment 
there was material resembling granu- 
lation tissue in the central portion of 
the lesion that was characterized by 
capillaries surrounded by fusiform, 
fibroblastlike cells. The underlying 
scleral fibers appeared compressed. 
At the lesion margin, there was occlu- 
sion of the choriocapillaris with cell 
loss in the inner nuclear and outer 
nuclear layers. Photoreceptor outer- 
segment loss continued for 300 um 
beyond the wound margins, although 
the corresponding photoreceptor nu- 
clei in the outer nuclear layer ap- 
peared normal. 

There was a proliferative response 
in the sclera, choroid, and retina at 
one week as indicated by the presence 
of cells with tritiated thymidine- 


- labeled nuclei (Fig 5). Labeling was 


most prominent in the choroid and 
sclera. Fewer labeled cells were 
present in the retinal pigment epithe- 
lium and even fewer were in the sen- 
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sory retina. There were many inflam- 
matory cells composed mainly of 
mononuclear cells but also polymor- 
phonuclear cells overlying and adja- 
cent to the lesion area. Many of the 
mononuclear cells were labeled with 
tritiated thymidine. The treatment 
area was well defined—the adjacent 
retina, choroid, and sclera appeared 
normal and were free of tritiated thy- 
midine labeling. The retina was arti- 
factitiously detached except at the 
lesion margin, where there was a firm 
chorioretinal adhesion. 

At 2% weeks following treatment, 
there was less bare sclera visible in 
the central portion of the lesion. The 
surrounding tissue was  hyperpig- 
mented (Color Fig 3). Light microsco- 
py disclosed persistence of the central 
granulation tissue, although fewer 
capillaries were patent compared with 
the lesions at one week. Cells labeled 
with tritiated thymidine were found 
mainly in the choroid, with a few 
scattered labeled cells in the sclera. 
Labeling was rare in the sensory reti- 
na and pigment epithelium. Inflam- 
matory cells were present in the treat- 
ment area, although their number 
appeared diminished relative to the 
lesion at one week (Fig 6). Additional- 
ly, the proportion of labeled mononu- 
clear cells had decreased substantial- 
ly. The chorioretinal adhesion per- 
sisted at the margin of the lesion. The 
adjacent retina and choroid were nor- 
mal. The histologic and radioauto- 


graphic characteristics of the lesions 
studied four weeks after laser treat- 
ment were not appreciably different 
from those 212 weeks after the proce- 
dure. 


COMMENT 


In this study, we investigated the 
feasibility of using a high-energy 
argon laser in the treatment of ocular 
choroidal melanoma in a rabbit mod- 
el. Numerous therapeutic modalities 
are available to the clinician treating 
choroidal melanomas, including ob- 
servation, radiation therapy (brachy- 
therapy and charged-particle irradia- 
tion), local tumor resection, photoco- 
agulation, hyperthermia, and enucle- 
ation. The method chosen depends on 
many factors, including tumor size 
and location, status of the fellow eye, 
patient age and medical health, and 
patient preference. Each modality has 
potential advantages and disadvan- 
tages. Historically, enucleation has 
been the treatment of choice for the 
majority of choroidal melanomas. It 
was hypothesized, however, that enu- 
cleation might increase the risk of 
tumor metastasis.’ Subsequently, a 
variety of sight-preserving techniques 
of tumor control have been developed.’ 
It is difficult to compare results of 
different modalities, as all studies 
have been retrospective and the indi- 
cations for treatment varied consider- 
ably. Brachytherapy and charged- 
particle irradiation have been shown 
to be effective for selected tumors," 
although radiation-induced complica- 
tions may severely limit final visual 
acuity. Local tumor resection using an 
external approach has been used as a 
method of excising tumor while 
attempting to preserve vision. These 
techniques may, however, be compli- 
cated by hemorrhage, retinal detach- 
ment, phthisis bulbi, and incomplete 
tumor removal.: 

An internal resection approach 
using pars plana vitrectomy tech- 
niques has been previously investi- 
gated. This method offers the advan- 
tage of more direct visualization of 
tumor margins, the opportunity to 
better control intraoperative compli- 
cations such as hemorrhage and reti- 
nal detachment, and the ability to 
treat more posteriorly located tumors. 
Because the vascular tumor must be 
removed in a fragmented manner 
with the vitreous cutter, bleeding and 
mechanical dispersion of tumor cells 
may result. 

Excimer endolaser tumor ablation 
using a wavelength of 307 nm has 
been studied as an alternative method 
of removing tumor tissue by an inter- 
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nal approach."* Although it was possi- 
ble to focally ablate tissue to bare 
sclera with this technique, intraoper- 
ative and delayed-onset hemorrhage 
often occurred. Additionally, techni- 
cal difficulty in coupling the laser to a 
fiberoptic delivery system often re- 
sulted in damage to the fiberoptic 
probe. Finally, the excimer laser is not 
commercially available for ophthal- 
mic use, and there are concerns over 
its mutagenic potential.’ 

For these reasons, we studied the 
feasibility of utilizing a high-energy, 
argon blue-green endolaser in the 
treatment of choroidal melanoma. 
This system has potential advantages. 
Most notably, the high-powered argon 
laser has been successfully used in 
nonophthalmic applications to remove 
tumor tissue precisely while achieving 
simultaneous hemostasis by cauteri- 
zation of blood vessels at the margin 
of the treated area. Furthermore, 
there is extensive experience with 
lower-energy argon lasers in ophthal- 
mic applications. 

We found that it was possible to 
ablate tumor tissue and overlying nor- 
mal retina and choroid to the level of 
bare sclera while maintaining hemo- 
stasis and visualization during the 
entire treatment procedure. There 
was no histologic evidence of viable 
tumor in the region directly treated 
with the laser. Blood vessels were 
effectively cauterized at the margins 
of the treatment area, accounting for 
the lack of bleeding during treat- 
ment. 

The effect of the laser treatment on 
normal tissue remained localized to 
the treatment area both clinically and 
histologically. The focal nature of the 
laser lesion was supported by exami- 
nation of the extent of the prolifera- 
tive response as measured by radioau- 
tographic analysis of dividing cells 
labeled with tritiated thymidine. 
Since normal tissues show minimal 
labeling,’ labeled cells can be used as a 
marker for repair occurring as a 
result of laser treatment. Labeled 
cells were observed only in the region 
of the wound and were absent in the 
adjacent normal-appearing tissue 
greater than 200 um away from the 
lesion. Furthermore, there was evi- 
dence that the laser ablation did not 
result in an ongoing active inflamma- 
tory response. Mononuclear cells that 
enter the rabbit vitreous can be 
labeled with tritiated thymidine.’ In 
this study, the proportion of labeled 
mononuclear inflammatory cells de- 
creased significantly following the 
first week after laser treatment. 

There was an apparent thermal 


118 Arch Ophthalmol—Vol 107, Jan 1989 


effect extending approximately 1500 
um from the margins of the laser 
lesion. This effect was evident clini- 
cally as an area of retinal whitening 
surrounding the laser lesion. Light 
microscopy disclosed a chorioretinal 
scar in this area, which prevented 
artifactitious detachment of the reti- 
na during processing. This adhesion 
would be advantageous in preventing 
retinal detachment that may result 
from the laser treatment. 

Our data suggest that viable tumor 
cells are not liberated by this laser 
treatment. Tissue released during 
laser ablation did not cause tumor 
growth when reinjected into the ante- 
rior chambers of normal rabbits.‘ 
While it is possible that the number of 
viable cells released by laser treat- 
ment was too few to cause tumor 
growth, no growth was detected when 
liberated tissue was pooled from three 
eyes and observed for up to three 
months. In routine propagation of 
cryopreserved tumor cells in the ante- 
rior chamber, 100000 to 200000 cells 
yield tumor growth in 100% of eyes 
within two weeks. Additionally, 
growth of tumor in the anterior cham- 
ber occurred in three of the three 
animals given an intracameral injec- 
tion of tissue obtained from an 
untreated tumor that had been 
implanted posteriorly. 

Tumor growth was observed at the 
margins of the treated areas, but his- 
tologic sections of an implanted tumor 
obtained before laser treatment 
showed diffuse tumor spread well 
beyond the laser demarcation ring. 
This observation suggests that the 
marginal growth was due to the later- 
al spread of the tumor before laser 
treatment and not to regrowth of 
treated tumor. The diffuse lateral 
spread of the Greene melanoma cells 
found in the rabbit is similar to that 
noted in the hamster” and limits the 
utility of this model. 

The results of this study indicate 
that a 15-W argon laser can ablate 
tumor to bare sclera with only focal 
damage to surrounding normal tissue. 
It is not possible to evaluate long- 
term tumor regrowth using this mod- 
el because of rapid, diffuse, lateral 
spread of the melanoma before laser 
treatment. Diffuse spread of melano- 
ma is unusual, however, in humans. 
Thus, it should be easier to define the 
lateral extent of the tumor to ensure 
adequate treatment of tumor mar- 
gins. Furthermore, the Greene mela- 
noma in rabbits is amelanotic, where- 
as most human melanomas are pig- 
mented. It is likely that less overall 
energy would be required to ablate 


tumor tissue in humans, as the argon 
blue-green laser is strongly absorbed 
by melanin. Further investigation of 
the use of a high-energy argon laser 
as an alternative mode of treating 
selected choroidal melanomas seems 
warranted. 
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Response of Pig Retinal Pigment Epithelium to i 


Laser Photocoagulation in Organ Culture 


Lucian V. Del Priore, MD, PhD; Bert M. Glaser, MD; 
Harry A. Quigley, MD; W. Richard Green, MD 


è Laser photocoagulation was applied 
in vitro to organ culture exoplants of 
porcine retinal pigment epithelium (RPE) 
attached to Bruch’s membrane. Four-milli- 
meter-round buttons of eye wall contain- 
ing RPE, choroid, and sclera were treated 
with 25 spots from the argon blue-green 
laser using 300 mW of power, a 500-um 
spot size, and 0. 1-s duration. Laser photo- 
coagulation disrupts individual RPE cells 
acutely and lifts damaged RPE cells from 
Bruch’s membrane. Treated areas be- 
come covered with irregular mounds of 
RPE cells within seven days. The acute 
damage and subsequent repair of the RPE 
in organ culture mimic the response of the 
RPE following laser photocoagulation in 
vivo. Thus, the morphologic response of 
the RPE to laser photocoagulation is an 
intrinsic property of this tissue that does 
not depend on the presence of the overly- 
ing retina. 

(Arch Ophthalmol 1989; 107:119-122) 
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faser photocoagulation is used in the 
management of a number of pro- 
liferative vitreoretinopathies, includ- 
ing diabetic retinopathy,’ sickle cell 
retinopathy,?* and neovascularization 
from branch’ and central‘ retinal vein 
occlusion. Laser photocoagulation 
also slows the progression of visual 
loss from choroidal neovasculariza- 
tion in age-related macular degenera- 
tion” and ocular histoplasmosis,*'® 
and from macular edema in diabetic 
retinopathy" and branch retinal vein 
occlusion.'* Despite its widespread use 
in clinical ophthalmology, the mecha- 
nism by which laser photocoagulation 
prevents visual loss from proliferative 
vitreoretinopathies or macular edema 
is not completely understood. 

The observation that retinal pig- 
ment epithelial (RPE) cells release 
inhibitors of neovascularization in 
vitro suggests that these cells may be 
involved in the regulation of intraocu- 
lar and choroidal neovascularization 
in vivo.'*'* Subconfluent and super- 
confluent RPE cells in tissue culture 
release more inhibitors of neovascu- 
larization than confluent monolayers 
of RPE cells. Retinal pigment epi- 
thelial cells in laser-induced choriore- 
tinal sears are arranged in multiple 
layers,'*” and the presence of chorior- 
etinal scars may be sufficient for the 
prevention of intraocular neovascu- 
larization.” These facts suggest that 
the morphologic features of individual 
RPE cells may be important in the 
regulation of intraocular neovascular- 
ization. In view of these considera- 
tions, we studied the morphologic 


changes that occur in the RPE after 
laser photocoagulation in vitro using 
an organ culture system that we 
recently developed.” 


MATERIALS AND METHODS 
Harvesting of Tissue 


Freshly enucleated eyes were obtained 
from 20- to 25-kg male and female pigs 
that were used as donors for cardiac trans- 
plantation studies as previously de- 
scribed.“ Animals were sedated with 
intramuscular ketamine hydrochloride, 
maintained under general anesthesia with 
pentobarbital sodium (Nembutal), and 
killed by exsanguination before enucle- 
ation. The globes were sterilized in 10% 
povidone-iodine (Prepodyne, Amsco Medi- 
cal Products, Erie, Pa) and washed in 
sterile Hanks’ balanced salt solution (GIB- 
CO Laboratories, Grand Island, NY) five 
times. The globes were opened in MEM/10 
PS (Eagle’s minimum essential medium 
[MEM] [GIBCO] with 10% fetal bovine 
serum and 100,U/mL of penicillin G sodi- 
um and 0.1 mg/mL of streptomycin sul- 
fate). A full-thickness circumferential 
incision was made posterior to the ora 
serrata, and the anterior segment, vitreous 
humor, and neural retina were carefully 
removed without touching the RPE sur- 
face. A 4-mm trephine was used to cut 
buttons that contained RPE, choroid, and 
sclera from the eyecups. Typically, eight to 
ten buttons could be removed from each 
eyecup. Individual buttons were placed on 
sterile cellulose filters (Millipore Corp, 
Bedford, Mass) in one well of a sterile 
24-well tissue culture plate (Data Packag- 
ing Corp, Cambridge, Mass) filled with 
MEM/10 PS, and incubated at 37°C in an 
atmosphere of 5% carbon dioxide and 95% 
air. The buttons were fed with fresh MEM/ 
10 PS twice per week. 
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Fig 1.—Light microscopy of retinal pigment epithelial (RPE) surface maintained after creation of laser lesions in organ 
culture. A, Untreated control at one hour. Area of RPE button fixed one hour after placement in organ culture reveals 
homogeneous monolayer of RPE cells. Erythrocytes fill patent choriocapillaris. B, One hour after laser photocoagulation. 
Treated RPE cells are enlarged and cell borders are disrupted. Sheet of damaged RPE cells is lifted from Bruch’s membrane. 
Choriocapillaris is obliterated immediately under laser lesion. C, Three days after laser photocoagulation. Bruch’s membrane 
is denuded of cells in center of lesion and margins of lesion contain hypopigmented cells. Free extracellular pigment is 
present. D, Three days after laser photocoagulation. This lesion was present on same button as lesion shown in Fig 1, C. 
Apex of lesion contains layer of disrupted, detached RPE cells. Layer of cells with variable pigmentation covers Bruch’s 
membrane at base of lesion. E, Seven days after laser photocoagulation. Laser lesions consist of mound of pigmented RPE 
cells. Free extracellular pigment is present. F, Thirty-two days after laser photocoagulation. Mound of pigmented RPE is still 
present in treated area. G, Untreated control at 32 days. Homogeneous monolayer of RPE cells is present in untreated areas 
after one month in organ culture (X260, 1-um sections in epoxy resin, toluidine blue). 


Laser Photocoagulation 


Laser photocoagulation of the RPE but- 
tons was accomplished by modification of 
the clinical slit-lamp delivery system of an 
argon blue-green laser (Coherent Radia- 
tion, Palo Alto, Calif). Briefly, a 24-well 
tissue culture dish containing the RPE 
buttons was fastened to the chin rest of the 
slit lamp with adhesive tape. A mirror 
attached to the flexible arm of the fixation 
light was used to direct the aiming and 
slit-lamp beams into the tissue culture 
dish. Twenty-five equally spaced spots 
were created on each button by carefully 
focusing the aiming beam on the RPE 
surface. The following treatment parame- 
ters were used: 300 mW of power, 0.1-s 
duration, and 500-um spot size. These 
parameters created lesions that had a 
reproducible appearance when treated. 
Typically, the laser lesions looked gray, 
and pigment was released from the RPE 
surface. Lower laser power produced vari- 
able lesions, and higher power levels pro- 
duced an audible pop and an obvious break 
in Bruch’s membrane that was visible at 
the slit lamp. 
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Tissue Fixation 


Buttons were removed from culture and 
fixed in 1% glutaraldehyde and 10% form- 
aldehyde in neutral phosphate buffer for 
at least 24 hours. Tissue was washed in 
phosphate buffer, placed in 1% osmium 
tetroxide overnight at 4°C, washed in buff- 
er, and dehydrated in graded alcohols. 
Samples for light microscopy were placed 
in propylene oxide before embedding in an 
epoxy resin (LX 112, Ladd Research Indus- 
tries, Burlington, Vt). One-micron sections 
were cut and stained with toluidine blue. 
Samples were prepared for scanning elec- 
tron microscopy by critical-point drying 
after the dehydration in graded alcohols. A 
50-nm gold-palladium film was applied 
with sputter coating. Tissue was examined 
with a scanning electron microscope (AMR 
1000, Amray Inc, Bedford, Mass). 


RESULTS 


Untreated areas contained a uni- 
form monolayer of RPE cells after one 
hour in organ culture, and the under- 
lying choriocapillaris was patent (Fig 


1, A). One hour after laser photocoag- 
ulation, the treated RPE cells were 
disrupted and individual cell bound- 
aries were not distinct (Fig 1, B). The 
damaged RPE cells were lifted off 
Bruch’s membrane, and there was clo- 
sure of the underlying choriocapillaris 
(Fig 1, B). Three days after laser 
treatment, RPE cells partially cov- 
ered the previously denuded area of 
Bruch’s membrane in some areas and 
completely covered Bruch’s mem- 
brane in other areas (Fig 1, C and D). 
Necrotic cellular debris and extracel- 
lular pigment were frequently ob- 
served (Fig 1, C and D). Denuded 
areas of Bruch’s membrane were cov- 
ered with multiple layers of RPE cells 
within seven days after the creation of 
laser burns (Fig 1, E). Mounds of RPE 
cells were still present in treated . 
areas 32 days after treatment (Fig 1, 
F). In untreated areas, the RPE 
remained as a homogeneous monolay- 
er after 32 days in culture (Fig 1, G), 
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as previously reported.” 

Scanning electron microscopy fur- 
ther delineates the changes that occur 
after photocoagulation of the RPE 
monolayer. A blister of disrupted, 
necrotic RPE cells was lifted from 
Bruch’s membrane in the center of 
some lesions (Fig 2, A). Bruch’s mem- 
brane was completely denuded of RPE 
cells in the center of other laser 
lesions (Fig 2, A). All lesions contain- 
ed a peripheral ring of damaged cells 
that were not dislodged from the sur- 
face of the button, and the margins of 
the laser lesions were sharp (Fig 2, A). 
Treated areas of Bruch’s membrane 
were covered by an irregular clump 
of RPE cells within seven days and 
continued to have this appearance 
32 days after treatment (Fig 2, B 
and C). 


COMMENT 


The effects of laser treatment on 
the retina, pigment epithelium, and 
choroid have been studied in vivo by 
numerous workers. Both krypton and 
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Fig 2.— Scanning electron micrographs of retinal pigment epithelial 
(RPE) surface after creation of laser lesions in organ culture. A, One 
hour after laser photocoagulation (X 100). Blister of treated RPE is lifted 
off Bruch’s membrane in center of some lesions (asterisk). Center of 
this blister contains coagulated, necrotic RPE cells. Blister of RPE cells 
has been completely stripped away in center of some lesions, leaving 
an area of bare Bruch’s membrane (arrow). All laser lesions are 
surrounded by a ring of treated cells (arrowheads); note sharp margin 
demarcating this ring of treated cells. Average diameter of laser lesions 
was 400 + 70 um (mean + SD), although accuracy of this measure- 
ment was limited by variable tissue shrinkage during processing. B, 
Thirty-two days after laser photocoagulation (X 100). There is homoge- 
neous appearance to all laser lesions. Arrow indicates area shown in 
Fig 2, C. C, Thirty-two days after laser photocoagulation (X330). 
Higher-magnification view of area highlighted by arrow in B demon- 


argon laser photocoagulation of the 
monkey and human fundus in vivo 
cause necrosis of the RPE, with lifting 
of the RPE monolayer from Bruch’s 
membrane as a blister'*”’ or budding 
of individual RPE cells from Bruch’s 
membrane.” Multiple layers of RPE 
cells form in the area of laser photoco- 
agulation by seven days after treat- 
ment,'*" and the RPE involved in 
chorioretinal scar formation can 
remain multilayered for many 
months.'*!*! In addition, partial 
occlusion of the  choriocapillaris 
occurs after laser photocoagulation in 
humans and monkeys.: 

In our experiments, the acute dam- 
age and subsequent repair of the RPE 
after laser photocoagulation in organ 
culture bear a striking resemblance to 
the response of the RPE following 
laser photocoagulation in vivo. Reti- 
nal pigment epithelial cells are dis- 
rupted and detach from Bruch’s mem- 
brane immediately after laser photo- 
coagulation in organ culture, and 
treated areas become covered with a 


strates that center of laser lesion consists of mounds of cells. 


mound of RPE cells within one week. 
These mounds of RPE persist for at 
least one month after treatment. 
Thus, the morphologic response of the 
RPE to laser photocoagulation seems 
to be independent of the presence of 
the overlying retina. This is an impor- 
tant observation, since the retina is 
known to contain potent growth fac- 
tors that could affect the morphologic 
response of the RPE to laser photoco- 
agulation.* 

Two other aspects of our results 
deserve further comment. First, the 
observation that laser treatment 
causes a sheet of RPE cells to be 
removed from Bruch’s membrane is 
interesting. Cryotherapy releases via- 
ble RPE from Bruch’s membrane, and 
this may increase the risk of prolifer- 
ative vitreoretinopathy after retinal 
detachment surgery.” We are investi- 
gating the viability of RPE cells 
released from Bruch’s membrane by 
photocoagulation. Second, our system 
seems ideally suited to investigate the 
toxic effects of low light levels on the 
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RPE, since tissue culture studies?’ 
are limited by the fact that RPE cells 
become depigmented on an abnormal 
tissue culture substratum.” 

We are using our organ culture sys- 
tem to study the effects of laser pho- 
tocoagulation on the cell biology and 
biochemistry of the RPE. Several pub- 
lished experiments have suggested 
that the RPE and its response to laser 
photocoagulation may play a role in 
regulating the development or regres- 
sion of intraocular neovasculariza- 
tion." An early step in the forma- 
tion of new blood vessels is the disso- 
lution of extracellular matrix by tis- 
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sue plasminogen activators at the site 
of the developing new blood vessel 
sprout. Retinal pigment epithelial 
cells in tissue culture release an inhib- 
itor of these powerful tissue prote- 
ases. The morphologic features of the 
involved RPE cells may play an 
important role in this process, since 
subconfluent and multilayered super- 
confluent RPE cells release signifi- 
cantly greater quantities of inhibitor 
than confluent monolayers of RPE 
cells in tissue culture."** The ability of 
the RPE to form multiple layers after 
laser photocoagulation in organ cul- 
ture suggests that this may be an 
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Ultrastructural Location of Extracellular Matrix 


Components in the Optic Nerve Head 


John C. Morrison, MD; Nancy L. L’Hernault, MA; Janice A. Jerdan, PhD; Harry A. Quigley, MD 


@ The distributions of laminin and col- 
lagen types | through V were determined 
in optic nerve heads of cynomolgus mon- 
keys using colloidal gold immunoelectron 
microscopy. Collagen types | and Ill local- 
ized to striated collagen fibrils in arterial 
walls throughout the optic nerve head and 
to fibrils comprising the core of the lamina 
cribrosa beams and optic nerve septa. 
Collagen type IV and laminin localized to 
basement membranes of all blood vessels 
and to basement membranes of astro- 
cytes that lie between the laminar beams 
and line the optic nerve septa and pia 
mater. Collagen type V was detected both 
in striated collagen fibrils and in vascular 
and astrocyte basement membranes. 
These results provide a detailed under- 
standing of the optic nerve head extracel- 
lular matrix distribution and illustrate a 
sensitive method for future study of its 
role in glaucomatous optic nerve dam- 
age. 

(Arch Ophthalmol 1989; 107:123-129) 


T'he optic nerve head is the primary 
site of optic nerve damage in glau- 
coma.!5 It contains the lamina cribro- 
sa, a series of collagenous plates that 
span the scleral canal and possess 
perforations aligned in register to 
allow the exit of ganglion cell axons 
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from the eye. Ultrastructurally, the 
laminar plates are composed of bun- 
dles of cross-banded collagen fibrils, 
similar to those found in sclera, inter- 
mixed with elastic tissue.*’ This 
region also contains numerous base- 
ment membranes derived both from 
vascular endothelial cells and from 
the glial cells surrounding the lami- 
nar beams. Anterior to the lamina, 
collagen becomes less prominent and 
is replaced by columns of glial cells 
that appear to support the axons as 
they turn to enter the optic nerve. 





Posteriorly, the laminar beams give 
way to the collagenous but less com- 
pact septa of the optic nerve. 

The prominence of extracellular 
material in the lamina cribrosa sug- 
gests that these macromolecules may 
be important to optic nerve function 
both under normal conditions and 
during periods of elevated intraocular 
pressure. The interstitial collagens 
within the laminar beams may pre- 
vent mechanical distortion of gangli- 
on cell axons and oppose collapse of 
capillaries contained within the 
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Fig 1.—Central retinal artery exposed to antibodies against collagen types III (left) and V (right). 
Collagen type Ill localizes to collagen fibrils (arrows) between smooth-muscle cell basement 
membranes (arrowheads). Type V collagen antibodies label basement membranes (arrowheads) 
as well as collagen fibrils (arrows). Cellular detail is lost due to mild fixation required to preserve 


antigenicity (original magnification X 16 900). 
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Fig 2.—Central retinal artery incubated with antibodies against collagen type IV (left) and laminin (Lam) (right). Collagen type 
IV is distributed evenly on basement membranes of endothelial (E) and smooth-muscle (S) cells. Label with laminin antibodies 
is localized near cell membranes, over lamina lucida region of basement membrane (original magnification X 16 000). 
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beams. Basement membranes com- 


partmentalize and support these tis- 
sues while the permeability properties 
of vascular basement membranes also 
may influence axonal nutrition.*'° 
Individual variations in distribution 
of these components within the optic 
nerve head may thus explain why 
some patients lose vision, despite rela- 
tively normal intraocular pres- 
sures,!!!2 

There have been several light 
microscopic immunohistochemical 
studies of the extracellular matrix 
composition of the optic nerve head in 
humans,'*"* monkeys,” and other ani- 
mals.'* While all studies agree on the 
presence of large amounts of base- 
ment membrane-associated laminin 
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and collagen type IV within the lami- 
na cribrosa, the quantities of intersti- 
tial collagen types I and III present 
remain controversial.» Further- 
more, the precise distribution of base- 
ment membrane components in this 
highly complex tissue is conjectural, 
due to the suboptimal resolution 
afforded by light microscopy in rela- 
tively thick, unfixed frozen sections. 
We have used electron microscopic 
immunohistochemistry to localize 
laminin and collagen types I, II, III, 
IV, and V in the optic nerve head of 
the cynomolgus monkey. This animal 
has an anatomy similar to that of the 
human and, when its intraocular pres- 
sure is chronically elevated, presents 
patterns of optic nerve damage that 





Fig 3.—Posterior region of glial columns incubated with antibodies to collagen type Ill (left [original magnification X 15 400]) 
and collagen type IV (right [original magnification X26 100]). Collagen type Ill antibodies label scattered collagen fibrils 


(arrows) between astrocyte cell bodies. Collagen type IV antibodies label basement membranes (arrowheads) between 
astrocytes, usually associated with scattered collagen fibrils (arrow). 


are similar to those of human glauco- 
ma.” The added resolution of this 
technique provides sensitive and 
potentially quantifiable identification 
of these extracellular matrix compo- 
nents.” This may allow future recog- 
nition of abnormalities too subtle for 
detection by light microscopic meth- 
ods. 


MATERIALS AND METHODS 
Tissue Preparation 


Adult, normal cynomolgus monkeys 
anesthetized with 9 mg/kg of intramuscu- 
lar ketamine hydrochloride (Bristol, Syra- 
cuse, NY) and 11 mg/kg of intravenous 
sodium pentobarbital (Harvey Laborato- 
ries, Philadelphia) were exsanguinated 
and perfused with fresh 4% paraformalde- 
hyde in 0.1 M phosphate buffer (pH 7.2). 
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Fig 4.—Lamina cribrosa exposed to collagen types Ill (left) and | (right) antibodies. Left, Gold particles label an entire sheet of 
collagen in a single laminar beam (original magnification X9000). Right, Gold is confined to striated collagen fibrils and does 
not label basemertt membrane (arrowheads) of an adjacent astrocyte (original magnification X26 500). As indicates 
astrocyte process; NB, neural bundles. 





Fig 5.—Lamina cribrosa exposed to antibodies to collagen type IV (left) and laminin (Lam) (right). Left, Label decorates 
basement membrane (arrowhead) interposed between astrocyte and laminar beam collagen (original magnification 
X22 100). Right, Labeled basement membranes (arrowheads) extend between foot processes to produce a latticelike 
structure between two adjacent laminar beams (asterisks) (original magnification X 17 500). 


Following enucleation, the optic nerve 
heads were excised and placed in fixative 
for two hours. The nerve heads were then 
longitudinally bisected first horizontally 
and then vertically into four quadrants 
and then were washed in 0.1 M phosphate 
buffer. 

The nerve head segments were dehy- 
drated in a graded methanol series, in- 
cluding 2% uranyl acetate en bloc,” and 
were then infiltrated overnight with a 
low-viscosity acrylic resin (L. R. White, 
Ted Pella Inc, Tustin, Calif). The tissue was 
positioned in fresh L. R. White in capped 
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gelatin capsules and polymerized for three 
days at 45°C + 2°C. Gray to silver longitu- 
dinal sections were cut with a diamond 
knife using a microtome (Reichert Ultra- 
cut E, Vienna) and collected on nickel grids 
coated with 0.5% polyvinyl formalin ethyl- 
ene dichloride (Formvar, Ladd Industries, 
Burlington, Vt). 


Iimmunohistochemistry 


Grids were floated on droplets of dis- 
tilled water for five minutes and then were 
transferred to pH 7.2 TRIS buffer (20 mM 
TRIS buffer with 500 mM sodium chloride 
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and 0.2% polysorbate 20 [Tween 20]). Nor- 
mal monkey serum (5%) and 1.0% egg 
albumin were included to block nonspecific 
binding. After 20 minutes, excess serum 
was drained off the grids, which were then 
placed on droplets of primary antibody 
diluted in TRIS buffer (pH 7.2) with 1.0% 
egg albumin and 0.5% normal monkey 
serum. 

Primary antibodies included rabbit poly- 
clonal antibodies to mouse Englebreth- 
Holm-Swarm tumor laminin (1:50) and col- 
lagen type IV (1:50), affinity-purified 
sheep anti-human collagen type I (1:25), 
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Fig 6.—Peripapillary sclera labeled with anti- 
bodies to collagen type IV demonstrates gold 
particles localized to astrocyte (As) basement 
membrane lamina densa (arrowheads). Note 
interdigitation of basement membrane with 
circumferentially oriented collagen fibrils cut in 
cross section (original magnification 
X32 500). 


and goat polyclonal antibodies to human 
and bovine collagen types I through V 
(1:50). Goat antibodies to collagen types I 
through V (Southern Biotechnologies, Bir- 
mingham, Ala) were each affinity-purified 
and cross-adsorbed against the remaining 
four purified human collagens. The speci- 
ficity of these antibodies to human anti- 
gens was confirmed by the company using 
indirect enzyme-linked immunosorbent 
assay. Antibodies to mouse laminin and 
collagen type IV were judged pure by 
immunoprecipitation and sodium dodecyl 
sulfate (SDS)-polyacrylamide gel electro- 
phoresis, as previously described.” We 
used all of these antibodies in a recent 
light microscopic study of the optic nerve 
head extracellular matrix.” 

None of the antibodies showed cross- 
reactivity to human fibronectin by dot-blot 
experiments performed in our laboratory. 
In addition, dot-blot analysis demon- 
strated no cross-reactivity of goat antibod- 
ies to collagen types II, III, IV, and V with 
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purified rat tail collagen type I (judged 
pure by SDS-polyacrylamide gel electro- 
phoresis). Specificity was further demon- 
strated in our laboratory by preincubating 
comparable dilutions of goat antibodies to 
collagen type I with excess quantities of 
human collagen type III (Sigma, St Louis) 
and antibodies to collagen type V with 
excess human collagen types III and IV 
(Sigma). These preincubated antibodies as 
well as nonimmune rabbit and goat serum 
in comparable concentrations were then 
substituted for primary antibodies in con- 
trol experiments. 

Grids were incubated on droplets of pri- 
mary antibodies at room temperature for 
45 to 60 minutes and then were washed 
with TRIS buffer (pH 7.2) containing 0.1% 
egg albumin. They were next incubated for 
30 minutes at room temperature on drop- 
lets of 15-nm colloidal gold-conjugated sec- 
ondary antibodies directed against either 
rabbit (laminin) or goat (collagens) IgGs 
(Janssen Life Sciences Products, Olen, Bel- 
gium). Secondary antibodies were diluted 
1:20 in TRIS buffer (pH 8.2) containing 
1.0% egg albumin. Grids were then washed 
in TRIS buffer (pH 8.2) followed by dis- 
tilled water and allowed to air dry. They 
were counterstained overnight in osmium 
tetroxide vapors (2% osmium tetroxide in 
distilled water) and examined with a 
transmission electron microscope (JEOL 
100CX). 


RESULTS 


No specific labeling (greater than 
background) was observed in any 
region of the optic nerve head using 
antibodies to collagen type II. Similar 
results were observed when the pri- 
mary antibodies were replaced by 
either nonimmune rabbit or goat 
serum, representing negative con- 
trols. 

The remaining five antigens dem- 
onstrated two labeling patterns 
throughout the optic nerve head; col- 
lagen types I and III appeared to 
codistribute, as did the basement 
membrane-associated collagen type 
IV and laminin. Collagen type V dem- 
onstrated a distribution with features 
common to each of the other two pairs 
of antigens. Control grids exposed to 
goat collagen type I antibodies prein- 
cubated with human collagen types III 
and V antibodies preincubated with 
human collagen types III and IV dem- 
onstrated labeling patterns that were 
identical in intensity to grids exposed 
to their corresponding nonpreincu- 
bated antibodies. 


Prelaminar Optic Nerve 


Anterior to the lamina cribrosa and 
glial columns, collagen types I, III, 
and V were found only in association 
with blood vessels. All three collagens 
were detected within the walls of the 
central retinal artery and major arte- 


rioles. Label with antibodies to colla- 
gen types I and III was found to be 
associated with striated collagen 
fibrils located between the basement 
membranes of concentric smooth- 
muscle cells (Fig 1, left) and also with 
the collagen of the adventitia and 
central vascular stalk. Antibodies 
directed against collagen type V also 
labeled the collagen lying between 
these basement membranes and, in 
addition, was seen associated with the 
basement membranes themselves (Fig 
1, right). Small amounts of collagen 
types I, III, and V were also found 
around small vessels and capillaries. 

Collagen type IV and laminin were 
restricted to the basement mem- 
branes of the vascular endothelial 
cells and their associated smooth- 
muscle cells. Although labeling with 
collagen type IV antibodies was even- 
ly and heavily distributed throughout 
the entire thickness of these vascular 
basement membranes (Fig 2, left), 
laminin was found mostly near the 
cell membranes, over the basement 
membrane region called the lamina 
lucida (Fig 2, right). 

Similar patterns were seen within 
the anterior glial columns, where all 
of these macromolecules were re- 
stricted to blood vessels. However, 
more posteriorly, progressively great- 
er quantities of striated collagen 
fibrils that labeled with antibodies to 
collagen types I, III, and V were found 
unassociated with blood vessels in a 
gradual transition toward the scleral 
lamina cribrosa (Fig 3, left). Discrete 
basement membranes labeling with 
laminin and collagen types IV and V 
antibodies were also observed be- 
tween the astrocyte cell bodies and 
processes, almost always in associa- 
tion with scattered collagen fibrils 
(Fig 3, right). 


Lamina Cribrosa 


Collagen types I, III, and V were 
found in abundance within the plates 
of the scleral lamina cribrosa. Label 
with these antibodies overlay the stri- 
ated collagen fibrils that formed the 
core of all laminar beams, whether or 
not they contained blood vessels (Fig 
4). The intensity of labeling for all 
three antibodies was equal to that of 
the scleral collagen adjacent to the 
optic nerve head. 

As in the anterior optic nerve head, 
collagen type IV, collagen type V, and 
laminin were associated with all vas- 
cular basement membranes. In addi- 
tion, antibodies to all three com- 
pounds labeled astrocyte basement 
membranes along the margins of the 
laminar beams. These basement 
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Fig 7.—Optic nerve septa labeled with antibodies to collagen types Ill (left), V (center), and IV (right). Collagen type Ill 
antibodies label collagen fibrils but not capillary basement membrane (arrowhead). Collagen type V localizes to both collagen 
fibrils and astrocyte (As) basement membranes (arrowheads), while collagen type IV antibodies label only endothelial cell (E) 
and astrocyte basement membranes (arrowheads) (original magnification X23 700). 
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Fig 8.—Pia mater exposed to antibodies 

a against laminin (Lam) illustrates distribution of 

-label along basement membrane (arrowhead) 

of astrocytes (As) that separate myelinated 

axons (arrow) from pial collagen (C) (original 
magnification X30 250). 
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Fig 9.—Schematic cross section of lamina cribrosa illustrates two beams composed of 
cross-banded collagen types |, Ill, and V with interspersed elastin. Capillary endothelial cell (E) 
basement membranes consisting of collagen types IV and V, laminin, heparan sulfate, and other 
components are found within beams. Astrocytes (As) separate beams from adjacent neural 
bundles (NB). Their basement membranes line collagenous beams, often extending between foot 
processes to form a latticelike structure between adjacent beams. 
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membranes were found interposed 
between the laminar collagen fibrils 
and neighboring astrocytes (Fig 5, 
left) and between astrocyte foot pro- 
cesses. Interprocess basement mem- 
branes were often extensive, forming 
latticelike structures between succes- 
sive laminar beams (Fig 5, right). 
Labeling with laminin and collagen 
type IV antibodies was also observed 
over basement membranes of astro- 
cytes lining the peripapillary sclera 
(the border tissue of Jacoby) (Fig 6). 
These basement membranes exhibited 
an undulating course, occasionally fol- 
lowing cell processes far into the peri- 
papillary sclera, between circumfer- 
entially oriented collagen bundles. 


Postlaminar Optic Nerve 


Posterior to the lamina cribrosa, 
collagen types I, III, and V were all 
associated with the loosely arranged 
cross-banded collagen of the optic 
nerve septa and pia mater (Fig 7, left 
and center). Collagen type V anti- 
bodies also labeled basement mem- 
branes of blood vessels as well as 
astrocytes lining both of these struc- 
tures (Fig 7, center). 

Antibodies to collagen type IV and 
laminin labeled basement membranes 
of vascular endothelial cells and peri- 
cytes located within the optic nerve 
septa (Fig 7, right). These antibodies 
also labeled astrocyte basement mem- 
branes lining the septa and the pia 
mater (Fig 8). 


COMMENT 


Light microscopic immunohisto- 
chemical studies have demonstrated 
several types of extracellular macro- 
molecules in the optic nerve head. 
Substantial quantities of the intersti- 
tial collagen types I and III have been 
described within the lamina cribrosa 
of numerous animals, including rats 
and cattle, monkeys,” and hu- 
mans.'*'*!* In addition, there is gener- 
al agreement that the nerve head has 
large quantities of laminin and colla- 
gen type IV. These are presumably 
associated with the basement mem- 
branes of vascular endothelial cells 
and astrocytes lining the beams of 
the lamina cribrosa and optic nerve 
septa. 

Using immunoelectron microscopy, 
we have confirmed that collagen types 
I and III are major structural compo- 
nents of the laminar beams. However, 
Hernandez et al,'*'* using light micro- 
scopic immunohistochemistry, con- 
cluded that these interstitial colla- 
gens account for only a minor compo- 
nent of the extracellular matrix of the 
lamina cribrosa. They suggest that 
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collagen types I and III that are 
present in the lamina cribrosa are 
associated primarily with blood ves- 
sels. Although many beams do contain 
blood vessels, the resolution of our 
experiments allows unequivocal iden- 
tification of both types of collagen 
within other laminar beams in zones 
not containing a blood vessel. 

The disagreement between our 
results and those of Hernandez et al,'* 
who studied relatively young human 
specimens, may be due to age differ- 
ences in the tissue studied. However, a 
previous ultrastructural study dem- 
onstrated that collagen first appears 
in the laminar sheets during the fifth 
month of gestation and that at birth 
these sheets are nearly filled with 
collagen fibrils.” Differences in meth- 
odology more likely explain this dis- 
crepancy. Monoclonal antibodies, used 
by Hernandez et al, recognize a 
single epitope and may be more easily 
masked from their target antigen by 
associated macromolecules than the 
polyclonal antibodies employed by 
us. 

Our study further demonstrates 
that collagen type V contributes sub- 
stantially to the interstitial collagen 
of the optic nerve head. This antigen 
has previously been localized along 
with collagen type I by immunoelec- 
tron microscopy to corneal collagen, 
where both may coexist within the 
cross-banded fibrils. Other studies 
have localized collagen type V to fine 
unbanded fibrils along cell surfaces 
and adjacent to basement mem- 
branes, where they are postulated to 
connect interstitial and membranous 
collagens.” Finally, our localization 
of collagen type V to several types of 
basement membranes in the optic 
nerve head is consistent with the find- 
ings of Roll et al,” who noted codistri- 
bution of collagen types IV and V in 
kidney basement membranes. This 
apparently ubiquitous distribution of 
collagen type V may result from legit- 
imate differences in the antibodies 
used in these studies. Because colla- 
gen type V exists in at least three 
different forms, antibodies produced 
against it may differ in their affini- 
ties to these three subtypes, each of 
which may have its own unique distri- 
bution.” 

It thus appears that the tightly 
packed, cross-banded collagen fibrils 
of the laminar beams represent at 
least three distinct types: collagen I, 
IHI, and V (Fig 9). This pattern is 
similar to that seen over scleral colla- 
gen, indicating that the collagen 
fibrils of the lamina cribrosa are anti- 
genically closely related to those of 


the peripapillary and posterior sclera. 
Although collagen type I is the major 
collagen type in normal sclera,*** col- 
lagen type III has also been detected 
in this tissue, representing a minor 
component.!*?4 Because antibodies 
differ in their affinities for their 
respective antigens, our results do not 
allow us to comment on the relative 
contribution of collagen types I and 
III to the sclera and lamina cribrosa. 

A recent light microscopic immuno- 
histochemical study of the human 
optic nerve head has identified large 
amounts of elastin in the lamina cri- 
brosa and peripapillary sclera. Our 
results do not exclude the presence of 
this macromolecule within the optic 
nerve head. Rather, our results are 
consistent with classical ultrastruc- 
tural studies showing the core of lam- 
inar beams to be comprised primarily 
of interstitial collagen with discrete 
patches of elastin interspersed among 
the collagen bundles.*’ The unique 
recoil properties of elastin may act in 
concert with collagen to cushion the 
responses of the lamina cribrosa to 
changes in intraocular pressure. 

However, the lamina cribrosa must 
provide nutritional as well as mechan- 
ical support for ganglion cell axons as 
they exit the back of the eye. For this 
reason, it contains numerous blood 
vessels within the laminar beams and 
astrocytes that line the axonal bun- 
dles, both of which are associated 
with basement membranes (Fig 9). 

Our studies confirm that laminin, 
collagen type IV, and now collagen 
type V correspond to vascular and 
astrocytic basement membranes 
throughout the optic nerve head. 
Within the walls of arteries and arte- 
rioles, these antibodies label both 
endothelial and smooth-muscle cell 
basement membranes. Collagen type 
IV, found throughout the basement 
membrane,” is thought to contribute 
tensile strength to the blood vessel 
walls.* Heparan sulfate, another com- 
ponent of basement membranes, has 
also been found within the monkey 
lamina cribrosa with a distribution 
identical to laminin and collagen type 
IV.” Its negative charge is thought to 
control ultrafiltration.” Thus, the 
basement membranes in the capillary 
walls of the optic nerve head may 
regulate axonal nutrition. 

Laminin, collagen type IV, and col- 
lagen type V were also present in 
astrocyte basement membranes. Our 
results confirm prior light microscop- 
ic evidence that these basement mem- 
brane constituents are present in the 
glial columns.” Here, they lie within 
basement membranes along the mar- 
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gins of the astrocytes, often in associ- 
ation with scattered collagen fibrils. 
The tensile strength of collagen type 
IV in these membranes may provide 
mechanical support for the axons as 
they turn into the optic nerve head. 
At the level of the lamina cribrosa, 
astrocyte basement membranes label- 
ing with antibodies to collagen types 
IV and V and laminin interdigitate 
between astrocyte foot processes lin- 
ing the collagen bundles of the peripa- 
pillary sclera and laminar beams (Fig 
9). Often, these basement membranes 
extend between multiple astrocyte 
foot processes to form a continuous 
latticelike framework between succes- 
sive collagenous laminar sheets. This 
may limit the relative movement of 
adjacent beams, counteracting a theo- 
retical tendency for scissoring and 
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mechanical compression of ganglion 
cell axons during periods of elevated 
intraocular pressure.‘ 

Our findings confirm the results of 
previous ultrastructural studies*’ and 
demonstrate that the optic nerve head 
is a highly complex structure requir- 
ing careful examination to under- 
stand fully the presence, distribution, 
and function of its extracellular 
matrix. Because previous light micro- 
scopic immunolabeling studies sug- 
gested similar distributions of these 
macromolecules in both monkeys and 
humans, our results provide further 
insight into the ultrastructural distri- 
bution of these macromolecules in the 
human optic nerve head. They also lay 
the groundwork for future detailed 
analysis of the role of the optic nerve 
head extracellular matrix in various 
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Photo Essay 





Edited by Malcolm N. Luxenberg, MD 


Malignant Melanoma of the Choroid 
With Vitreal Seeding 


33-year-old woman was referred for 

evaluation of “floaters” in her right 
eye. Her corrected visual acuity was 20/20 
OU. A large pigmented tumor was present 
in the superonasal quadrant of the right 
eye. Pigmented cells liberated from the 
surface of the tumor were present in the 
vitreous and on the surface of the retina, 
creating a retinitis pigmentosa-like pat- 
tern (Figs 1 and 2). After considering the 
therapeutic options, the patient decided to 
have the eye enucleated. 

On pathologic examination, Bruch’s 
membrane, the retinal pigment epitheli- 
um, and the retina were discontinuous at 
the apex of a choroidal melanoma com- 
posed of a mixure of spindle-shaped and 





Fig 1.—Pigment scattered on inner retinal surface could be mistaken 
for retinitis pigmentosa on casual examination. Edge of large tumor is 
present superonasally. 


Fig 3.—Tumor is partially necrotic and relatively heavily pigmented. 
Cystic spaces represent areas of necrosis (hematoxylin-eosin, original 


magnification X6.3). 


epithelioid cells (Fig 3). Pigmented cells 
residing in the vitreous and on the inner 
retinal surface consisted of degenerating 
tumor cells and of pigment-laden macro- 
phages (Fig 4). 


COMMENT 


Seeding of the vitreous is a rare 
complication of both primary uveal 
melanoma and cutaneous melanoma 
metastatic to the choroid.'* Involve- 
ment of the anterior chamber can 
result in a so-called black hypopyon.’ 

The prognostic significance of 
vitreal seeding is not known, but seed- 
ing may indicate rapid tumor growth. 


Although the mitotic rate of the 
tumor in this case was relatively low, 
others have found that retinal inva- 
sion and vitreal seeding were associ- 
ated with actively mitotic tumors.’ 
The distinction between malignant 
melanoma and necrotic melanocyto- 
ma with vitreal seeding may be 
impossible prior to enucleation, even 
when a vitreal biopsy specimen is 
obtained.’ 
PETER R. PAVAN, MD 
Curtis E. MARGO, MD 
MITCHELL DRUCKER, MD 
Tampa, Fla 
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Fig 2.—Large polypoid tumor is present in superonasal quadrant. 
Pigment suspended in vitreous is seen adjacent to tumor. 


Fig 4.—Pigmented cells resting on inner surface of retina consist 
mostly of clumps of degenerating tumor cells (hematoxylin-eosin, 


Original magnification X75). 





New Instruments 





Excimer Laser Instrumentation and 


Technique for Human Corneal Surgery 


Francis A. L’Esperance, Jr, MD; John W. Warner, PhD; 
William B. Telfair, PhD; Paul R. Yoder, Jr; Clifford A. Martin, PhD 


@ The design and development of the 
instrumentation utilized during the clinical 
and histopathologic evaluations of the 
first human eyes treated by argon fluoride 
excimer laser radiation are described. 
The laser, optical, alignment, measure- 
ment, and control subsystems required 
for this research were constructed to 
create a laser beam that has an axially 
symmetric energy distribution, can be cal- 
ibrated and measured, can be aligned 
with the target tissue, and can be manip- 
ulated to excise surface tissue. The use of 
this excimer laser system has demon- 
strated that a nonuniform superficial 
lamellar keratectomy can be produced to 
excise areas of opacified, scarred, or 
abnormal cornea or to create a new ante- 
rior corneal curvature in attempts to cor- 
rect refractive errors. 

(Arch Ophthalmol 1989; 107:13 1-139) 


prano (UV) radiation emitted 
by excimer lasers has been used to 
etch submicron-sized patterns into 
the surface of plastics and other poly- 
mers with a remarkable degree of 
accuracy and with no degradation of 
nearby unirradiated areas.'* This type 
of radiation has also been found to 
interact in a similar manner with 
animal tissue.** The potential of this 
laser-tissue interaction, if applied to 
human corneal tissue, led to investi- 
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gations of the incisional’ and, more 
importantly, of the overall photoetch- 
ing capabilities of far ultraviolet laser 
spectral emissions for the purpose of 
accomplishing a reconstructive super- 
ficial keratectomy and/or the estab- 
lishment of a new refractive curva- 
ture on the anterior surface of the 
cornea." This manuscript presents 
initial information on the design and 
development of the instrumentation 
utilized during the clinical and histo- 
pathologic evaluations of the first 
human eyes treated by argon fluoride 
excimer laser irradiation to produce 
superficial lamellar keratectomy." 

Results of our human and animal 
studies and of animal studies by a 
number of other investigators’?"!"*"*"' 
have shown that our original con- 
cept®'* of removing a precise volume 
of tissue from the anterior cornea by 
UV radiation of 193 nm wavelength to 
excise abnormal or opacified tissue or 
to correct various refractive errors by 
establishing a new radius of curvature 
of the anterior surface is feasible. In 
the future, with the excimer laser 
instrument described, laser recon- 
structive keratectomy, involving the 
excision of localized areas and varying 
thicknesses of scarred corneas, could 
be possible. Laser refractive keratec- 
tomy, also termed photorefractive 
keratectomy, involving the accurately 
calculated nonuniform removal of 
large areas of anterior corneal tissue 
to correct refractive errors, might 
also be utilized in certain cases. 


DESIGN, DEVELOPMENT, AND 
UTILIZATION OF AN EXCIMER LASER 


The Argon Fluoride Excimer Laser 


Although frequency-quadrupled 
and frequency-quintupled neodymi- 


um-YAG lasers as well as frequency- 
doubled organic dye lasers and several 
other families of ultraviolet lasers are 
available to produce laser outputs in 
the far ultraviolet spectrum (ie, with 
wavelengths shorter than 280 nm), 
the excimer family of lasers seems to 
be most easily applicable to incision, 
excision, or reprofiling of the cornea. 
Theoretically, the extremely short 
pulse duration of the excimer laser (12 
to 15 ns) will decrease thermal effects 
to infinitesimal levels because of the 
inadequate time for thermal diffu- 
sion. The pulse-to-pulse energy level 
is reproducible within acceptable lim- 
its and the repetition rate of the 
pulses can be varied over a relatively 
large range, typically 1 to 50 Hz. Suf- 
ficient energy is available (typically 
up to 450 mJ) so that a portion of the 
central cornea 4 to 7 mm in diameter 
can be ablated or reprofiled. Despite 
these apparent advantages, the avail- 
able excimer lasers are extremely 
crude compared with existing conven- 
tional ophthalmic lasers, and exten- 
sive modifications are required for 
clinical application. Special optical 
delivery systems must also be 
used.) 
Beam Delivery System 


A beam delivery instrument has 
been developed to permit precise 
amounts of tissue to be ablated at se- 
lected locations on the anterior corneal 
surface without involving normal ad- 
jacent or deeper corneal tissue (US 
patent applied for by Taunton Tech- 
nologies Inc, Monroe, Conn). The laser 
reconstructive or laser refractive ker- 
atoplasty (LRK) instrument shown in 
Fig 1 consists of a laser subsystem, an 
optical subsystem, an alignment sub- 
system, a measurement subsystem, 
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and a control subsystem. In the fol- 
lowing sections, the basic functions of 
these subsystems are summarized. 


Laser Subsystem 


An argon fluoride excimer laser 
(Questek Inc, Billerica, Mass) is used 
as the source of intense pulses of 193 
nm radiation. All functions of the 
laser are software controlled; this 
simplifies the interfaces to the LRK 
optical and control subsystems. The 
laser has automatic gain compensa- 
tion, automatic gas replenishing, and 
other features controlled by an inter- 
nal microprocessor. Gases and cooling 
means are self-contained in the 
instrument shown in Fig 1. Sensors 
constantly monitor temperature, gas 
pressure, coolant flow, hardware sta- 
tus, and microprocessor function. 





Fig 1.—Argon fluoride excimer laser instrument designed for precise volumetric removal of Optical Subsystem 
anterior corneal structures to produce uniform reconstructive superficial lamellar keratectomy or 
nonuniform photorefractive keratectomy. 


Figure 2 is a functional optical sche- 
matic diagram of the major parts in 
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the optical subsystem. The raw laser 
beam entering at lower left is rectan- 
gular, with dimensions of approxi- 
mately 11 X 22 mm, as indicated in 
Fig 3, top left. The intensity profiles 


in the short and long directions are 
essentially gaussian and “top hat,” 
respectively, as indicated. Since there 
are significant “hot spots” at the 
edges of this beam, the beam is passed 


through a 10 X 20 mm aperture mask 
to “scrape off” these edges (Fig 3, top 
right). The beam then is expanded 
anamorphically with a pair of 
prisms” to form a 20X20 mm 


square beam, as shown in Fig 3, bot- 
tom left. 

Because the expanded laser beam 
still has different intensity profiles in 
the principal directions after expan- 
sion, the beam is next passed through 
a three-mirror image rotator to time- 
average the multipulse energy deliv- 
ered to the cornea (Fig 3, bottom 
right). This image rotator is function- 
ally equivalent to a Dove prism.” 

The rotating square beam, having a 
time-averaged axially symmetric in- 
tensity profile (Fig 3, bottom right), is 
next passed through a set of three 
aperture wheels spaced along the axis, 
as indicated in Fig 2. One wheel is 
used for each procedure (myopia, 
hyperopia, or astigmatism correc- 
tion), with the two unused wheels set 
to a completely open aperture. Indi- 
vidual motors are used to drive each 
wheel to cycle the different apertures 
into the beam. The mechanism dwells 
at each aperture while the laser deliv- 
ers the appropriate number of pulses 
as determined by an algorithm previ- 
ously entered into the computer to 
ablate to different depths at various 
points on the cornea. 

The myopia wheel (Fig 4, left) has a 
series of apertures of decreasing 
diameter, while the hyperopia wheel 
(Fig 5, left) has a series of annular 
apertures of decreasing radial width. 
Figure 4, right, and Fig 5, right, illus- 
trate schematically (to exaggerated 
scale) the ablation profiles achieved in 
the myopia and hyperopia cases, 
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Fig 3.—Cross-section of excimer laser beam intensity distribution as it emerges from laser (top 
left) and after edges of beam are scraped away (top right), which may contain irregular and 
high-intensity energy areas. Anamorphic prisms convert rectangular beam into square beam 
(bottom left), which is then homogenized by image rotator into axisymmetric intensity distribution 
(bottom right). 
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Fig 4.—Left, Aperture wheel that allows laser beam to ablate central cornea more deeply than peripheral cornea to flatten 
anterior surface curvature, increase anterior corneal surface radius of curvature, and thereby reduce myopia. Right, 
Exaggerated representation of stepped profile ablation of cornea to reduce myopia. 
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Fig 5.—Left, Aperture wheel that allows laser beam to ablate peripheral cornea more deeply than central cornea to steepen 
anterior surface curvature, decrease anterior corneal surface radius of curvature, and thereby reduce hyperopia. Right, 


Exaggerated representation of stepped profile ablation of cornea to reduce hyperopia. 


respectively, before regrowth of the 
epithelium. The apparatus is designed 
to correct at least 6 diopters of either 
type of refractive error over an 
ablated area as large as 5.5 mm in 
diameter. Later models will allow 12 
D corrections over a 7 mm diameter. 

The astigmatism wheel has a series 
of slit-shaped apertures of varying 
width (Fig 6). Means are provided to 
adjust the slit orientations about the 
laser beam axis to align the cylindri- 
cal ablation axis with the appropriate 
astigmatism axis of the patient’s eye 
as previously determined with the 
measurement subsystem discussed 
below. Exposure of the cornea 
through the series of slits recontours 
the original toroidal surface into a 
more nearly spherical one. If the 
resulting optical power of this ablated 
surface is then not optimum, the 
above-discussed myopia- or hyper- 
opia-reducing procedure is followed to 
reshape the spherical surface to the 
desired contour. 

A multielement lens (Fig 2) focuses 
the collimated beam as it is received 
through the selected aperture in front 
of the cornea. The diverging beam 
then falls on the cornea and selective- 
ly ablates tissue in accordance with 
the algorithm stored in the computer 
located in the control subsystem. 

The next optical component in the 
UV optical train of Fig 2 is a beam- 
splitter plate, which reflects approxi- 
mately 95% of the UV light onto the 
eye. The low-intensity (5%) sample 
that leaks through the plate is used by 
the beam monitor. This monitor func- 
tions in the manner described in more 
detail by Telfair et al% as a digital 
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beam intensity profilometer. The 
computer software allows the opera- 
tor to analyze the intensity profiles of 
the beam, providing a check on the 
quality of the homogenized beam 
before the ablation procedure is 
started. The quality of the beam is 
also monitored and recorded during 
the ablation for documentation pur- 
poses. 


Alignment Subsystem 


The cornea of the patient’s eye must 
be accurately located along the UV 
laser beam axis. Three-axis position- 
ing adjustment mechanisms are pro- 
vided in the patient’s chair for this 
purpose. The reference for positioning 
of the eye is a microscope (Fig 7) that 
allows the ophthalmologist to look 
along the axis of the UV beam 
through the beam splitter mentioned 
above and see a magnified frontal 
view of the eye. A cross-hair reticle 
pattern in this microscope, seen 
superimposed on the image of the eye, 
is bore-sighted to the UV beam so that 
alignment of the eye to this pattern 
ensures proper centering of the abla- 
tion. The eye can be observed through 
this microscope throughout the abla- 
tion procedure. 


Measurement Subsystem 


A digital keratoscope (Taunton 
Technologies Inc) is incorporated into 
the laser beam delivery instrument to 
provide the capability to make quick, 
accurate measurements of the topog- 
raphy of the cornea prior to and fol- 
lowing ablation. The principle of 
operation of this device (Fig 8) is as 
follows. A spherical array of 104 light- 
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Fig 6.—Astigmatism aperture wheel, incorpo- 
rating series of enlarging rectangles (top) that 
can be aligned and rotated to coincide with 
axis of astigmatism (bottom). Astigmatism is 
reduced similar to ablation of cornea created 
with myopic correction profile. 


emitting diodes constitutes a series of 
“point sources” of visible red light. 
Beams from these light-emitting 
diodes reflect from the patient’s cor- 
nea to a video camera. When the eye is 
aligned properly, as indicated by the 
alignment subsystem, the operator 
commands the signal from the camera 
to be saved. The stored image is ana- 
lyzed to determine the optical power 
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Fig 7.—Biocular alignment microscope that aligns eye with laser axis and monitors corneal photoablation process while part 
. of beam travels to keratoscope television monitor. Biocular microscope visualizes circular anterior segment area 15 mm in 
E diameter (V 15 mm), and excimer ultraviolet (UV) circular laser beam impacts corneal surface 4 to 7 mm in diameter (UV 4-7 
mm). 


1, Light-Emitting Diode Array 
2, Cornea 

3, Shutter 

4, UV Beam Splitter 

5, Visible Beam Splitter 

6, Imaging Lens 

7, Fold Mirror 

8, Aperture 

9, Video Camera 


LA =— = To Alignment Microscope 


UV Laser Beam Sey To Beam Monitor 
Fig 8.—Digital keratoscope, which forms inte- 


gral measurement subsystem of excimer laser 
instrument in Fig 1. UV indicates ultraviolet. 
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Fig 9.—Human cornea clear on gross exami- 
nation, photographed 6 wk after 60 um uni- 
form lamellar excimer laser keratectomy 
involving central area 5 mm in diameter. 





Ablation 
—_——— vO 
Patient Diameter, Depth, 
No. Follow-up and Ocular Diagnosis mm mm Comments 


Enucleation: 3 d after laser treatment; Clinical: clear cornea, normal reepithelialization, normal 
diagnosis: choroidal malignant melanoma epithelial adherence, no haze; histopathologic 
characteristics: hyperplastic epithelium, absent 
Bowman's membrane, normal keratocytes, normal 
stroma, normal Descemet's membrane, normal 
endothelium, no inflammatory cells '® 
Enucleation: 12 d after laser treatment; Same as for patient 1 
diagnosis: iris malignant melanoma 
Enucleation: 7 d after laser treatment; Same as for patient 1 
diagnosis: choroidal malignant melanoma 


11 mo follow-up diagnosis: hemorrhagic retinal Preoperative corneal dystrophy; clinical: moderate 

detachment persistent corneal haze at epithelial-stromal interface 

4 mo follow-up diagnosis: paracentral Clinical: trace of corneal speckling at epithelial-stromal 

leukoma; therapy: penetrating keratoplasty interface, corneal flattening; histopathologic 
characteristics: activated keratocytes, basement 
membrane formation, some collagen and protein 
synthesis with slight vacuolization in anterior stroma, 
normal posterior stroma, normal Descemet’s 
membrane, normal endothelium 

9 mo follow-up diagnosis: advanced glaucoma Clinical: mild persistent corneal haze at 
epithelial-stromal interface, no refractive change by 
keratometry or retinoscopy 

6 mo follow-up diagnosis: advanced glaucoma : Clinical: trace of corneal speckling at epithelial-stromal 
interface, slight stromal regrowth (no refractive 
regression) 

6 mo follow-up diagnosis: advanced glaucoma i Clinical: trace of corneal speckling at epithelial-stromal 
interface, moderate stromal regrowth (40% refractive 
regression) 

5 mo follow-up diagnosis: retinal detachment ; Clinical: trace of corneal speckling at epithelial-stromal 
interface, slight stromal regrowth (10% to 15% 
refractive regression) 

5 mo follow-up diagnosis: retinal arterial ; Clinical: trace of corneal speckling at epithelial-stromal 

occlusion interface, slight stromal regrowth (10% to 15% 
refractive regression) 

4 mo follow-up diagnosis: advanced glaucoma i Clinical: trace of corneal speckling at epithelial-stromal 
interface, slight stromal regrowth, no refractive 
change 
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distribution over the corneal surface. 
The keratoscope has an accuracy of 
0.3 + 0.15 D within a sampled corneal 
area 7 mm in diameter, as determined 
by standard spheres of known curva- 
ture and by a population of patients 
who were measured at weekly inter- 
vals for five sessions. 


Control Subsystem 


The control subsystem includes the 
electrical and electromechanical com- 
ponents necessary to control and 
operate the LRK apparatus. It con- 
sists of two parts, a main console 
housed in the LRK apparatus and a 
separate operator’s console. The 
former contains a variety of circuit 
cards, while the latter contains a com- 
puter, two monitors, and a color print- 
er. Electrical interlocks and a UV 
beam monitor as well as shutters and 
light baffles located in the instrument 
automatically monitor safety aspects 
of the apparatus and maintain docu- 
mentation of all functions during the 
procedure. 


Laser Reconstructive or Refractive 
Keratectomy Procedures 


Before keratectomy procedures 
were performed, informed consent of 
the patient was obtained for the Insti- 
tutional Review Board of the Danbury 
(Conn) General Hospital or the New 
Britain (Conn) General Hospital. The 
appropriate consent was also obtained 
for the Food and Drug Administra- 
tion for the conduct of these first 
human excimer laser trials under an 
Investigational Device Exemption. 

The patient’s eye is viewed binocu- 
larly through an optical microscope 
system and positioned so that the 
central portion of the cornea to be 
recontoured is aligned with the laser 
beam axis. The eye is stabilized with a 
Barraquer-type limbal retention ring 
held against the cornea and sclera by 
a gentle vacuum to immobilize the eye 
in an upright position while the 
patient is supine. Although fixation of 
the globe need only be maintained for 
three minutes, it is absolutely neces- 
sary that the optics of the laser and 
the eye be perfectly aligned through- 
out the procedure. Anesthesia of the 
cornea and anesthesia and akinesia of 
extraocular muscles are produced by a 
retrobulbar or peribulbar injection of 
2% lidocaine hydrochloride with hyal- 
uronidase added. Care is taken not to 
inflate the conjunctival area with 
excessive amounts of lidocaine be- 
cause the vacuum ring could become 
less securely attached to the limbal 
area due to the distorted conjuncti- 
va. 
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Fig 10.—Top, Preoperative slit-lamp appearance of cornea of 61-year-old patient with combined 
mechanism glaucoma in blind right eye. Bottom, Slit-lamp appearance of same cornea one month 
after argon fluoride excimer laser nonuniform keratectomy, showing slight flattening of cornea. 
Extremely fine fibrillar changes can be observed at interface between epithelium and underlying 
stroma using X16 biomicroscopic magnification. Changes remained constant during six months 
following excimer laser irradiation. 


The actual excisional superficial 
keratectomy or recontouring corneal 
procedure is performed in a meticu- 
lous manner. Once the eye has been 
stabilized by the vacuum eye-fixation 
device, the epithelium is gently 
removed with a No. 57 “hockey stick” 
Beaver blade to a distance approxi- 


mately 1 mm outside of the proposed 
impact site, creating a denuded area 5 
to 8 mm in diameter, depending on the 
intended keratectomy zone size. The 
epithelial removal is required for the 
following reasons: (1) to approach the 
scarred stromal area directly without 
the epithelial thickness measurement 
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otherwise needed; (2) to provide a 
stromal substrate that can be excised 
or contoured permanently, over which 
the epithelium would regrow; and (3) 
to eliminate the epithelium, which has 
different ablation characteristics 
than the stromal target tissue. When 
all fragments of the epithelium have 
been removed from Bowman’s mem- 
brane, the eye is aligned to the laser 
beam axis as represented by a cross- 
hair reticle in the binocular micro- 
scope. Once aligned, photoablation 
starts immediately, at a repetition 
rate of approximately 10 Hz and with 
a pulsed energy density (fluence) of 80 
to 125 mJ/cm? at the cornea. These 
guidelines were determined by ob- 
serving the absence of adequate abla- 
tion below and excessive ablation, 
clouding, and shrinkage of tissue 
above these levels in eye bank eyes, 
primate eyes, and rabbit eye models. 
The diameter of impact areas ranged 
from 3 to 5.5 mm, and the tissue 
removal depth, measured from Bow- 
man’s membrane, was 30 to 150 um. 
The depth of the excision is deter- 
mined by the measured corneal tissue 
removal per pulse (~0.2 um per pulse) 
multiplied by the total number of 
pulses produced. A typical procedure 
requires 25 to 35 s to create an abla- 
tion to a depth of 50 to 70 um in the 
anterior stroma of the patient’s eye. 
In most cases, the impact site is pho- 
tographed immediately after expo- 
sure, and a balanced salt solution is 
then placed on the ablated area, 
erythromycin ointment is placed in 
the conjunctival cul de sac, and the 
upper eyelid is drawn down over the 
cornea and taped to the lower eyelid. 
An eye pad is placed over the eye, and 
the procedure is considered complete. 

In brief, the 11 patients treated to 
date either had eyes scheduled for 
enucleation (three patients) or corne- 
al transplantation (one patient), or 
they were blind from long-standing 
glaucoma (five patients), retinal 
detachment (one patient), or central 
retinal artery occlusion (one patient). 
The purpose of treatment was to cre- 
ate a superficial lamellar keratectomy 
and to study the morphologic and 
histopathologic changes that occurred 
to have the ability to eventually pro- 
ceed judiciously with reconstructive 
lamellar keratectomy or refractive 
lamellar keratectomy in selected pa- 
tients. 

The 11 human volunteers enrolled 
in the first phase of this study autho- 
rized by the Food and Drug Adminis- 
tration presented little risk. All 
human eyes in the study, including 
three with preexisting corneal patho- 
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logic characteristics, reepithelialized 
completely and normally within 60 to 
72 hours. Over the short term (<12 
days after laser irradiation), eyes 
showed little or no histopathologic 
disturbance of epithelial, stromal, or 
endothelial cells and, on gross and 
biomicroscopic examination, showed 
clear corneas.'* A fine fibrillar haze 
was observed in eyes under slit-lamp 
examination with magnification over 
the long term, although they appeared 
clinically clear on gross examination. 
The anteroposterior view of an ablat- 
ed eye six weeks after laser irradia- 
tion is shown in Fig 9, while the 
fibrillar haze noted at the epithelial- 
stromal interface is demonstrated in 
Fig 10. The Table reflects the results 
of these first human excimer laser 
keratectomy evaluations. 


COMMENT 


The virtues of UV radiation at a 
wavelength of 193 nm have been 
claimed by numerous investigators, 
who found that this radiation was 
absorbed in a pathlength of 1 to 3 um; 
comparable investigations of the 
krypton fluoride excimer laser emis- 
sion at 248 nm showed a maximal 
penetration (or total absorption) 
depth of 3 to 33 um. The limited 
penetration depth of 193 nm radiation 
cannot be overemphasized, as this is 
the single most important factor in 
the prevention of damage to the deep- 
er corneal stroma, Descemet’s mem- 
brane, and the corneal endothelium. It 
has been postulated by some authors 
that the high corneal absorption at 
193 nm wavelength could be explained 
only by assuming significant absorp- 
tion by proteins, collagen, and peptide 
bonds.*” The high absorption of radi- 
ation at this wavelength by the cornea 
combined with the very limited pene- 
tration depth and high energy of each 
of the incident photons make up a 
photon-corneal tissue interaction sys- 
tem that is not comparable with other 
laser systems.”*? 

Two theories in regard to this argon 
fluoride excimer laser beam-corneal 
tissue interaction have been proposed: 
(1) One suggests that these interac- 
tions are predominantly the result of 
ultrafast thermal events, or so-called 
photon-phonon interactions. The na- 
ture of the discrete change in the 
tissue is the result, according to this 
theory, of the very short penetration 
or absorption depth of the UV irradia- 
tion.' (2) The other theory asserts that 
the target reaction is not thermal but 
is probably related to photoablation 
or a photon-induced molecular decom- 
position. This theory suggests that 


molecules in the target are released as 
a direct result of rupture of intramo- 
lecular bonds whose uncoupling is 
induced by absorption of the high- 
energy photons. This mechanism is 
possible because the individual photon 
energies at 193 nm are approximately 
6.4 eV, much greater than sufficient 
to displace valence electrons. Because 
of the precision of photon absorption 
and the minuteness of the molecular 
field, only those areas that absorb the 
UV radiation would be directly af- 
fected; adjacent areas would show 
minimal conductive effects. With bio- 
logic macromolecules, as with plastics 
such as polymethylmethacrylate, the 
breaking of valence bonds results in 
an increase in the volume of the 
released molecules. Since only a thin 
layer within the target tissue is 
affected by a given laser pulse, high- 
speed expulsion of molecules from the 
tissue surface at speeds of 1000 to 2000 
m/s results.* This theory accounts for 
the sharply defined boundaries of the 
irradiated areas and would also 
account for the smooth surface of the 
corneal stroma exposed to surface 
impact during excimer irradiation. 
Under these conditions, the total 
depth of erosion or ablation would be 
a function of the absorption depth at 
any given wavelength as well as the 
duration of exposure.” 

The results from the first 11 human 
patients indicate that the excimer 
laser can provide the ophthalmologist 
with an instrument for the selective 
removal of corneal tissue with mini- 
mal deleterious effects on adjacent 
corneal cells. 
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proprietary interests in the instru- 
mentation described in this article. 
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Seattle, WA 98121 










Contact: 

John C. Hagan Ill, M.D., FACS 

Midwest Eye Institute of 
Kansas City 

2700 Hospital Drive 

North Kansas City, MO 64116 
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Clinical Ophthalmology Research Professionals 


Excellence In Eye Care Begins With You. 


Scientific excellence is key to Allergan’s ascent to leader- 
ship in eye care products. Our growth has created oppor- 
tunities for two select professionals to lead our ophthalmic 
clinical research efforts. 


Director, Ophthalmic Clinical Research 


This key position is responsible for directing all 
ophthalmology clinical activities for meeting regulatory 
safety and efficacy requirements for new-product and 
market-claim submissions. The selected candidate will pro- 
vide clinical direction for product development, and 
market support for new and existing products world-wide. 


The position requires an M.D. with full postgraduate 
specialist training in ophthalmology, two to five years in 
clinical practice and two to five years experience in in- 
dustrial clinical research management. A broad understan- 
ding of clinical ophthalmology and ocular pharmacology is 
essential, as are good communication skills. 


research programs in support of new-product development 
and post-marketing studies. The position involves con- 
tinuous interface with company regulatory affairs, 
marketing, communications and legal departments, as well 
as regulatory agencies and clinical ophthalmologists out- 
side Allergan. 


Candidates should have one of the following: a Ph.D. in 
life sciences or equivalent experience; an M.D. with full 
postgraduate specialist training in ophthalmology. At least 
five years experience in managing ophthalmic clinical 
research programs in an industrial environment is essen- 
tial, as are excellent communication skills. Related phar- 
maceutical industry experience is preferred. 


Allergan rewards achievement with an excellent salary and 
beriefits package, and strong promotional opportunities in 
a fast growing company. Send your resume and salary 
history to Allergan Pharmaceuticals, Human Resources 
Dept. KW-AO, 2525 Dupont Drive, Irvine, CA 92715. Equal 
Opportunity Employer M/F/H/V. 


Associate Director, Clinical Research 


As the company’s chief expert on glaucoma, the selected 
candidate will be responsible for directing human clinical 


GROWTH WITH VISION 


= ALLERGAN PHARMACEUTICALS 


4 
= 


S.F. Bay Area 


Opening available for general oph- 
thalmologist in a stable, well estab- 
lished practice located 10 miles 
from San Francisco. Current 
department consists of 3 general 
ophthalmologists, subspecialists in 
retina, glaucoma, pediatrics/stra- 
bismus, oculoplastics and cornea 
plus a full complement of optome- 
trists who do all refractions and 
contact lens work, and excellent 
support personnel. Guaranteed sal- 
aried positions (leading to full 
shareholdership) plus all malprac- 
tice and health insurance premiums 
paid. Benefit package includes a 
minimum of 4 weeks paid leave 
yearly, minimal call and no required 
evening or weekend hours. All 
patients and state of the art equip- 
ment supplied by the group. 


Send C.V. to: 
Richard A. Brown, M.D. 
280 W. MacArthur Blvd. 
Oakland, CA 94611 
or call (415) 596-6636 


VITREORETINAL 
FELLOWSHIP 


Two-year position available start- 
ing July, 1990. For further informa- 
tion, please write 


P. 0. Box 721624 
Houston, Texas 77272-1624 


The Department of Ophthalmology 
at Penn State’s Milton S$. Hershey 
Medical Center is seeking to fill a 
full-time faculty position in Oculo- 
plastic Surgery. Responsibilities 
include patient care, teaching and 
research. The position is available 
immediately at either the Assistant 
or Associate Professor level with 
salary negotiable based upon back- 
ground and experience. At least 
one year of subspecialty training is 
essential, and all candidates must 
be at least Board Eligible. 


Please address all inquiries to: 


Joseph W. Sassani, M.D. 

Chief of Ophthalmology 

The Milton $. Hershey Medical 
Center 

P.O. Box 850 

Hershey, PA 17033 


An Equal Opportunity/Affirmative Action 
employer. 
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Reviewers for the Past Year 


Printed below are the names of the reviewers who have graciously and thoughtfully 
assisted the Editorial Board, our authors, and our readers during the past year. 


. B. Abelson, Boston 
. Abrams, Milwaukee 
. Adams, Berkeley, Calif 
. M. Aiello, Boston 
R, Alexander, Chicago 
. R. Anderson, Miami 
. Anderson, Boston 
. Apple, Charleston, SC 
. Apt, Los Angeles 
. V. Aquavella, Rochester, NY 
. Arnason, Chicago 
.K. Asdourian, Worcester, Mass 
$i Augsburger, Philadelphia 
. D. Balyeat, Oklahoma City 
. Barany, Chicago 
. Barron, New Orleans 
_ Bartsch, Minneapolis 
, B. Bateman, Los Angeles 
A oM Batenhorst, Chicago 
. L. Baum, Boston 
. Baylis, Los Angeles 
. Beck, Tampa, Fla 
. Becker, St Louis 
_ Bellows, Boston 
. E. Benson, Philadelphia 
. Bito, New York 
.P. Blair, Chicago 
. W. Blankenship, Miami 
. Blaylock, Chicago 
. Blazynski, St Louis 
. Blodi, Iowa City 
. S. Blumenkranz, Royal Oak, Mich 
. Bobak, Chicago 
. Bodis- Wollner, New York 
W. M. Bourne, Rochester, Minn 
L. Braude, Highland Park, Ill 
S. S. Bressler, Baltimore 
N. M. Bressler, Baltimore 
M. Breton, Philadelphia 
F. S. Brightbill, Madison, Wisc 
N. R. Bronson, Fairfield, Conn 
G. C. Brown, Philadelphia 
R. Brown, Dallas 
R. F. Brubaker, Rochester, Minn 
Bok, Los Angeles 
. M. Burde, Bronx, NY 
. B. Burgess, St Louis 
. M. Burke, Milwaukee 
. P. Burns, Columbia, Mo 
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P. Campochiaro, Charlottesville, Va 
C. Camras, New York 
H. Cantrill, Minneapolis 
J. Caprioli, New Haven, Conn 
H. D. Cavanagh, Washington, DC 
G. Chader, Bethesda, Md 
V. Y Chagues, £ Chicago 
San Francisco 
S T: Charles, Memphis 
J. Chow, Chicago 
L. T. Chylack, Boston 
S. Cohen, Chicago 
E. Cohen, Philadelphia 
A. L. Coleman, Chicago 
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. P. Conway, Charlottesville, Va 
. J. Corbett, Iowa City 

. J. Corden, Baltimore 

. Cotlier, Saudi Arabia 

S. Crawford, Canada 

. Crowell, Chicago 

. Curtin, New York 

. D'Amico, Boston 

. A. D’Amore, Boston 

. J. Daily, Wheaton, Ill 

. Dalma, Chicago 

oy o A Davis, Madison, Wisc 

> ee Dawson, San Francisco 

. de Bustros, Baltimore 

. de Juan, Durham, NC 

> Deutsch, Chicago 

. Diener- West, Baltimore 

. Dobson, Pittsburgh 

s Pla Doft, Pittsburgh 

T A Doughman, Minneapolis 

. Drance, Vancouver, BC, Canada 
. Drum, Baltimore 

. M. Dryden, Tucson 

. Earle, Rochester, Minn 

5 he Edelhauser, Milwaukee 

. Edward, Chicago 

” 3 Eiferman, Louisville 

. Eifrig, Chapel Hill, NC 

. Eldred, Columbia, Mo 

. M. Ellsworth, New York 

. J. Elman, Baltimore 

S. G. Elner, Ann Arbor, Mich 
H. Engel, Gainesville, Fla 

R. Engerman, Madison, Wisc 
R. Epstein, Chicago 

M. D. Farber, Chicago 

I. Fatt, Berkeley, Calif 

L. Feeney-Burns, Columbia, Mo 
S. M. Feldon, Los Angeles 

F. Ferris, Bethesda, Md 

V. Fiedler- Weiss, Chicago 

D. Finkelstein, Baltimore 

R. Fiscella, Chicago 

J. Fischer, ‘Chicago 

J. A. Flaherty, Chicago 

T. Flood, Chicago 

H. Flynn, Miami 

J. Folk, Iowa City 

E. Folk, Chicago 

R. L. Font, Houston 

S. L. Forstot, Littleton, Colo 

C. S. Foster, Boston 

T. D. France, Madison, Wisc 

R. Frank, Detroit 

E T: Fraunfelder, Portland, Ore 
S. Frazier-Byrne, Miami 

M. Frenkel, Chicago 

M. H. Friedlaender, La Jolla, Calif 
R. Friedman, New Yor 

A. H. Friedman, New York 

D. S. Friendly, Washington, DC 
B. R. Frueh, Ann Arbor, Mich 
L. Fujikawa, San Francisco 

D. E. Gaasterland, Washington, DC 
D. Gagliano, Chicago 


he eae ae ODADAS Rw 


MORTON F. GOLDBERG, MD 


. L. Gallie, Canada 
. Garretson, Harvey, Ill 
.D. M. Gass, Miami 
. Gilbard, Boston 
. Gipson, Boston 
. M. Glaser, Baltimore 
. S. Glaser, Miami 
. Glatt, Chicago 
. Goldstick, Evanston, Ill 
wv Goodwin, Chicago 
. Gorelick, Chicago 
ME Gottsch, Baltimore 
. Green, Los Angeles 
. Greenberg, Chicago 
. J. Greenwald, Chicago 
. Grossniklaus, Cleveland 
. J. Groves, Chicag O 
.E. Grunwald, Philadelphia 
. A. Gutman, Cleveland 
. L. Guyton, ‘Baltimore 
. J. Harris, Milwaukee 
. M. Hart, St Louis 
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S. Hawkins, Baltimore 

. Hayreh, Iowa City 

. Heckenlively, Los Angeles 

ejtmancik, Houston 

. Helveston, Indianapolis 

. Henderley, Chicago 

geen ey Chicago 
Higginbotham, Chicago 

irsch, New Haven, Conn 

jelmeland, Sacramento, Calif 

. Holland, Los Angeles 

EA Holly, Lubbock, Tex 

. Hornblass, New York 

. Howard, Chicago 

. F. Hoyt, San Francisco 

. F. Hughes, Lincolnshire, Ill 

3. Hull, Augusta, Ga 

. Hyman, Stony Brook, NY 

. Iliff, Baltimore 

die Irvine, San Francisco 

. Isenberg, ‘Torrance, Calif 

. Jabs, Baltimore 

. Jacobson, Chicago 

. Jaffe, Milwaukee 

_ A. Jakobiec, New York 

. Jampel, Baltimore 

. J. Jampolsky, San Francisco 

. J. Jednock, Chicago 

. Jennings, Chicago 

. Jerdan, Baltimore 

. Johnson, Chicago 

LBs Jones, Houston 

iG. Joondeph, Miami 

. C. Joondeph, Detroit 

. Judisch, aes City 

M. Kaiser-Ku fer, eee, Md 

R. E. Kalina, eattle 

H. Kaplan, St Louis 

J. Karesh, Baltimore 

A. Kassoff, Albany, NY 

B. Katz, La Jolla, Calif 
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E. Kaufman, New Orleans 
L. Kaufman, Madison, Wisc 
Kaufman, Chicago 

H. Keates, Columbus, Ohio 
S. Kennerdell, Pittsburgh 

. R. Kenyon, Boston 

. Keys, Chicago 

_ A. Khodadoust, New Haven, Conn 
. Kilbride, Chicago 

. E. Kimura, Iowa City 

. Kincaid, Ann Arbor, Mich 
. E. Klein, Madison, Wise 

. Klein, Madison, Wise 

` Klintworth, Durham, NC 

. Knighton, Miami 

. L. Knox, Baltimore 

A Kolker, St Louis 

. W. Koneman, Chicago 

. Korin, Chicago 

. Korte, Bronx, NY 

H. Krachmer, Iowa City 

. C. Kraff, Chicago 

. Kraff, Chicago 

Kumar, Chicago 

. Kupfer, Bethesda, Md 

. J. Kushner, Madison, Wise 
. Jd. Kut, Chicago 

aR. Laibson, Philadelphia 

. S. Lane, Shoreview, Minn 

. Langham, Baltimore 

. Latina, Boston 

. M. Leibowitz, Boston 

. Lemp, Washington, DC 
. Leone Jr, San Antonio 

. Leske, Stony Brook, NY 
tchinger, Chicago 

. Levine, Chicago 
ewis, Los Angeles 

_ Lewis, Miami 

. Lewis, Houston 

. Lewis, Davis, Calif 

_ Lieberman, Stanford, Calif 
_ Lieberman, New York 
_Liebner, Chicago 
im, Chicago 

_ Lincoff, New York 
ipson, Ann Arbor, Mich 

. Liu, Chicago 

[. Loertscher, Costa Mesa, Calif 
. Lubeck, Chicago 

R. Machemer, Durham, NC 
M. Macsai, Iowa City 

M. F. Mafee, Chicago 

L. Maguire, Rochester, Minn 
M. Maguire, Baltimore 

M. Mainster, Kansas City 

M. Mannis, Sacramento, Calif 
T. Maren, Gainesville, Fla 

C. Margo, Tampa, Fla 

J. Markowitz, Baltimore 

M. F. Marmor, Stanford, Calif 
R. W. Massof, Baltimore 
A. Matoba, Houston 
eS Mattax, Dallas 

. Maumenee, Baltimore 

. Maumenee, Baltimore 
ay, New Orleans 

. McCuen, Durham, NC 

. McDonald, San Francisco 
. McDonald, New Orleans 
cDonnell, Los Angeles 

. McLean, Washington, DC 
- McMahon, Chicago 
eisler, Cleveland 

LA Meredith, Atlanta 

. Mets, Chicago 

pR- Meyer, Dallas 

. Meyer, Ann Arbor, Mich 

. F. Mieler, Milwaukee 

. Migliori, Providence, RI 

. Miller, Boston 

ET: Miller, Chicago 
E Miller, Baltimore 
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T. Mittag, New York 

D. Mittelman, Park Ridge, Ill 
B. J. Mondino, Los Angeles 
M. Moore, Dallas 

M. A. Musarella, Canada 

J. Nelson, Minneapolis 

L. B. Nelson, Philadelphia 

D. A. Newsome, New Orleans 
J. Nichols, Chicago 

K. G. Noble, New York 

. D. Novack, Irvine, Calif 

. A. Nozik, San Bruno, Calif 
. B. Nussenblatt, Bethesda, Md 
_ O’Brien, Boston 

. M. O’ Day, Nashville, Tenn 
. R. Olsen, Miami 

. Orellana, Tenafly, NJ 

. Organisciak, Dayton, Ohio 
. Ormerod, Boston 

. H. Orth, Chicago 

. Ostler, San Francisco 

. Owens, Chicago 

‘We Packer, New Orleans 

. Packer, Manhasset, NY 

. Packo, Harvey, Ill 

i Pagon, Seattle 

. G. Palestine, Bethesda, Md 
. Palmberg, Miami 

. A. Palmer, Portland, Ore 

. J. Palmer, Chicago 

. M. Parver, Washington, DC 
. S. Passo, Portland, Ore 
fa Paterson, Louisville 
.G. 
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Pavan, Tampa, Fla 
Pavel, Chicago 
. Peachey, Chicago 
È. Pederson, Minneapolis 
pose, St Louis 

. Peyman, New Orleans 
. Pfister, Birmingham, Ala 
_ Pollack, Baltimore 
llock, Durham, NC 

. Prendergast, Baltimore 
iklin, Chicago 
liafito, Boston 
lido, lowa City 

_ Putterman, Chicago 

. Quigley, Baltimore 
abb, Chicago 

. Radius, Milwaukee 
. Rand, Boston 
ead, Chicago 
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einglass, Chicago 
eiss, Chicago 

. Repka, Baltimore 

. Robertson, Rochester, Minn 
. Robertson, Chicago 
obin, Chicago 
LL Robin, Baltimore 
. Romano, Gainesville, Fla 
_ Rosenberg, Chicago 
_ Rowsey, Oklahoma City 
. L. Rubin, Gainesville, Fla 
. Ruderman, Chicago 
` Rutherford, Cleveland 
. J. Ryan, Los Angeles 
. Safran, Chicago 
` Saggau, Chicago 
. R. Sanders, Chicago 
. J. Savino, Philadelphia 
„P: Schachat, Baltimore 
. G. Schade, Chicago 
. Schafer, Chicago 
ode Schanzlin, St Louis 
. Schatz, San Francisco 
. Schein, Boston 
_ Schiller, Chicago 
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. B. Seott, San Francisco 
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D. Sevel, La Jolla, Calif 
J. A. Shields, Philadelphia 
B. Shields, Durham, NC 
L. Skorin, Grand Rapids, Mich 
W. F. Smiddy, Baltimore 

M. E. Smith, St Louis 

R. E. Smith, Los Angeles 

J. L. Smith, Miami 

G. Smolin, San Francisco 

R. W. Snyder, Milwaukee 

S. Snyder, Baltimore 

D. B. Soll, Philadelphia 

L. M. Solomon, Chicago 

A. Sommer, Baltimore 

W. H. Spencer, San Francisco 
R. D. Sperduto, Bethesda, Md 
A. V. Spigelman, Southfield, Mich 
B. Srinivasan, New York 

W. Stark, Columbia, Mo 

O. G. Stasior, Albany, NY 

E. Stefansson, Durham, NC 

R. F. Steinert, Boston 

H. K. Steinman, Chicago 

G. A. Stern, Gainesville, Fla 
W. Stern, San Francisco 

P. Sternberg, Atlanta 

E. L. Stock, Chicago 

R. D. Stulting, Atlanta 

. Sugar, Ann Arbor, Mich 

. Talamo, Baltimore 

; R- Taylor, Baltimore 

. Y. Teller, Seattle 

. R. Tenzel, North Miami Beach 
. H. Tessler, Chicago 

. R. Tetz, Salt Lake City 

. A. Thoft, Pittsburgh 

V. Thomas, Boston 

. Thompson, New Haven, Conn 
. Traboulsi, Washington, DC 
5 A Tripathi, Chicago 

. Tripathi, Chicago 


C2 00 BO ba SS oo eT Ta 


M. Tso, Chicago 
E. van Buskirk, Portland, Ore 
A. Vine, Ann Arbor, Mich 
G. Visvesvara, Atlanta 
G. K. von Noorden, Houston 
J. Vukich, Chicago 
C. M. Vygantas, Chicago 
R. R. Waller, Rochester, Minn 
I. H. Wallow, Madison, Wisc 
S. Waltman, St Louis 
D. S. Walton, Boston 
. O. Waring, Atlanta 
arren, Chicago 
. Weinberg, Richmond, Va 
. Weingeist, Iowa City 
. Weinreb, San Diego 
. Weinstein, Morgantown, WVa 
eissman, Los Angeles 
. Weiter, Brookline, Mass 
. Weleber, Portland, Ore 
enig, Chicago 
est, Baltimore 
_ Wilensky, Chicago 
. Wilhelmus, Houston 
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i Ae Williams, Milwaukee 
L. Wilson, Atlanta 
C. Winterbotham, Chicago 
J. Wirtschafter, Minneapolis 
J. Wolter, Ann Arbor, Mich 
F. Wong, Chicago 
E. Wong, Chicago 
L. A. Yannuzzi, New York 
R. W. Yee, San Antonio, Tex 
J. Yeo, Baltimore 
B. Yue, Chicago 
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R. C. Zeimer, Chicago 
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Continuing Medical Education 
eae da JE tet deal heeded 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusion in the list free of charge. Listings will be published for three consecutive 
months and should be received at least two months prior to date of course, eg, by Jan 1 to be 
included in the March, April, and May issues. A course held between the Jirst and 14th 
days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 


and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Cinda Gislason, Archives of Ophthalmology, CME, 
1855 W Taylor St, Chicago, IL 60612. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


ARIZONA 


Fifteenth Ann Frontiers in Ophthalmol At: Scotts- 
dale Dates: 2/9/89 to 2/11/89 Hrs Instr: 1 
Sponsor: St Luke’s Med Ctr, Prentice Eye Inst 
Contact: Christine Campbell, Campbell Mtg 
Management, 4659 S Lakeshore Dr, Suite D, 
Tempe 85282; (602)838-6728 


CALIFORNIA 


Advanced Retina Seminar At: Carmel Valley 
Dates: 4/13/89 to 4/15/89 Reg Fee: $575 Hrs 
Instr: 12 Contact: Lorraine Fisher, c/o How- 
ard Schatz, MD, 1 Daniel Burnham Ct, #210, 
San Francisco 94109; (415) 441-0906 


Ophthalmol in the Third World: A Practical Ori- 
entation At: San Francisco Dates: 3/8/89 to 
3/10/89 Contact: Hass Foundation, c/o Proc- 
tor Med Group, 95 Kirkham St, San Francisco 
94122; (415) 573-1367 


Visions in Ophthalmol ’89 At: La Jolla Date: 
4/1/89 Sponsored by: Scripps Mem Hosp Reg 
Fee: $100 ($45 nurses and tech) Hrs Instr: 5 
Contact: Nomi Feldman, Conf Coordinator, 
3770 Tansy St, San Diego 92121; (619) 453- 


6222 
Fifty-eighth Clin Conf Res Study Club of Los 


Angeles At: South Pasadena Dates: 2/10/89 to 
2/12/89 Contact: Res Study Club, Box J, South 
Pasadena 91030 


Fifty-eighth Ann Mid-Winter Ophthalmol Clin 
Conf At: Los Angeles Dates: 2/10/89 to 2/12/89 
Hrs Instr: 18 Reg Fee: $295 ($350 after 1/1/89) 
prac phys, $160 residents & retired phys Spon- 
sor: Res Study Club of Los Angeles Guest 
Speakers: Carmen A. Puliafito, David J. 
Schanzlin, Frederick A. Jakobiec, William F. 
Maloney Contact: Louise Ball, Box J, South 


Basic Science Course in Ophthalmol At: Stan- 
ford Dates: 7/4/89 to 8/31/89 Reg Fee: $1550 
Contact: J. W. Bettman, MD, Dept of Ophthal- 


(Continued on p 146.) 





Manhattan 
Eye, Ear & Throat 


Hospital 


Pasadena 91030-0590; (213)680-2387 
Clinical Advances in 


Th Ophthalmology 
for the Practicing 
u en Ophthalmologist 


PRESENTS A POST-GRADUATE COURSE IN 


Contact B and A Scan 
Diagnostic Ultrasonography 


Saturday, February 11th, 1989 








Course Director: 
Yale L. Fisher, M.D. 


Faculty: Richard D. Binkhorst, M.D. 
John S. Kennerdell, M.D. 
Jeffrey L. Shakin, M.D. 
Mary E. Smith, B.A., R.D.M.S. 
Yale L. Fisher, M.D. 


Available Equipment: 
Biophysic Medical Opthascon 
Bausch and Lomb/Sonomed 
Cooper Vision — Digital B/A 


For Information, Write: 
Margaret Bobyak, Course Coordinator 
Manhattan Eye, Ear & Throat Hospital 
210 East 64th Street, Room 804 
New York, NY 10021 


Co-sponsored by The American Society of Ophthalmic Ultrasound 
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Course 1989 


March 17-19, 1989 
The Houstonian Hotel and Conference Center 
111 North Post Oak Lane 
Houston, Texas 77024 


Cullen Eye Institute Faculty 


Milton Boniuk, M.D. 
Jared M. Emery, M.D. 
Ronald L. Gross, M.D. 

M. Bowes Hamill, M.D. 
Dan B. Jones, M.D. 


Alice Y. Matoba, M.D. 
John A. McCrary, M.D. 
David W. Parke, II, M.D. 
James R. Patrinely, M.D. 
Paul G. Steinkuller, M.D. 

Douglas D. Koch, M.D. Gunter K. vonNoorden, M.D. 
Richard Alan Lewis, M.D. Kirk R. Wilhelmus, M.D. 


FOR FURTHER INFORMATION CONTACT: 
Carol J. Soroka 
The Office of Continuing Education 
Baylor College of Medicine 
One Baylor Plaza 
Houston, Texas 77030 
(713) 798-6020 





CHRISTIAN OPHTHALMOLOGY SOCIETY 


invites you to the 13th annual meeting 


OKLAHOMA CITY 


JUNE 15-18, 1989 


This meeting will feature a CATARACT panel with Dr. James P. Gills and Dr. Robert 
H. Osher--- a GLAUCOMA panel with Dr. Paul F. Palmberg and Dr. Richard Parrish 
and other knock-out papers including "Malignant optic neuritis", "Ocular Lyme Borreliosis 
1989", "Cornea Update 1989", "Retina/Vitreous Update 1989", plus much, much more! 


Speakers include: Robert N. Serros, MD, J. James Rowsey,MD 
J.Lawton Smith, MD Bradley K. Farris, MD Jack Hough, MD John A. McCrary, MD 
David G. Haney,MD Roger D. Bonham, MD William Smitty, MD, in addition to those 
named above. This program will provide both SCIENTIFIC and SPIRITUAL talks - and 
all will be given by physicians. You'll even hear Dr. J. James Rowsey speak on 
"MONEY, SEX, AND POWER IN MEDICINE"! You will not want to miss it! 


The meeting has been approved for category 1 CME credit by the University of 
Oklahoma Medical School -- there will be testimonies, music, tour of National Cowboy 
Hall of Fame, discussion times, small group meetings, great facilities for children, 
fabulous spouses’ program with Margaret Joffrion and Glenna Haney-- and everything 
has been planned for you and your family to have a huge blessing in every way. 


Now - hold on to your seats when you hear this!! The registration fee of $150 
per family will be waived for medical students, interns, residents, and fellows- and not 
only that, but they can apply for $300 grants to help with expenses and they will be 
provided as long as funds hold out! For more information, a copy of the program, et 


al-- write now: 
BRADLEY K. FARRIS,MD 


c/o Dept.Ophthalmology,Univ.Okla. 


608 Stanton L. Young Boulevard 
Oklahoma City, Okla. 73104 


(Continued from p 144.) 


mol, A-157, Stanford Med Center, Stanford 
94305 


Eighth Ann Squaw Valley Retinal Symp At: 
Tahoe City Dates: 2/5/89 to 2/9/89 Hrs Instr: 
16 Reg Fee: $360 Contact: James W. Wells, Jr, 
MD, Retina, Univ of California, Davis, 3939 J 
St, Suite 210, Sacramento 95819;(916)454- 
4861 


COLORADO 


Advanced Aspen Anterior Segment Sem At: 
Aspen Dates: 2/27/89 to 3/3/89 Contact: Shar- 
lee Dodd, Dulaney Eye Foundation, Box 2337, 
Sun City, AZ 85373; (602)933-3845 


Facial Cutaneous Surgery: Mohs, Reconstruc- 
tive, Cosmetic At: Copper Mountain, Colo 
Dates: 3/25/89 to 4/1/89 Hrs Instr: 30 Contact: 
Debbie DeSmyther, Prgm Assist, Off of CME, 
Towsley Ctr-Box 0201, Univ of Michigan Med 
Sch, Ann Arbor, Mich 48109; (313) 763-1400 


Ninth Ann Meet Aspen Corneal Soc At: Snow- 
mass Dates: 2/18/89 to 2/25/89 Reg Fee: $325 
before 1/1/89, $375 after 1/1/89 Speakers: 
Jerry Shields, MD; Michael Lemp, MD; Thomas 
Wood, MD; Peter Laibson, MD; Roger Meyer, 
MD Contact: Mitchell H. Friedlaender, MD, 
Div of Ophthalmol, Scripps Clinic and Res 
Found, 10666 N Torrey Pines Rd, La Jolla, CA 
92037; (619)455-9100 


Colorado Ophthalmol Soc Ann Mid-Winter Sem 
At: Vail Dates: 1/21/89 to 1/25/89 Hrs Instr: 16 
Contact: Carol Goddard, Box 4834, Englewood 
80155; (303)770-6048 


Sixth Ann Wilmer Inst Current Concepts in Oph- 
thalmol At: Vail Dates: 3/18/89 to 3/25/89 Hrs 
Instr: 30 Reg Fee: $475 prac phys, $325 resi- 
dents & fellows Contact: Prgm Coordinator, 
CME, The Johns Hopkins Med Inst, Turner 22, 
720 Rutland Ave, Baltimore, MD 21205; 
(301)955-2959 


FLORIDA 


Keratorefractive Surg, Cataract & Implant Surg, 
& Prac Ocular Plastic Surg At: Fort Lauder- 
dale Dates: 12/27/88 to 12/29/88 Contact: 
Marvin L. Kwitko, MD, 5591 Céte Des Neiges 
Rd, Suite 1, Montreal, Quebec, Canada H3T 
1Y8; (514)735-1133 


Sixth Ann Florida Winter Workshop At: Holly- 
wood Dates: 12/27/88 to 12/29/88 Reg Fees: 
$250 ($300 after 12/1/88) ophthalmologists, 
$150 senior ophthalmologists (over 65 yrs), 
$500 phakoemulsification/implant wet lab, $75 
nurses, $25 students, $75 residents Contact: Dr 
Marvin L. Kwitko, Prgm Chairman, 5591 Céte 
des Neiges Rd, Suite 1, Montreal, Quebec, 
Canada H8T 1Y8; (514)735-1133 


Ophthalmic Review At: Jacksonville Dates: 3/ 
31/89 to 4/1/89 Guest Speakers: Drs Richard 
Brubaker, Dennis Robertson, Donald Gass, 
Jack Kennerdell Contact: Marian Hunter, 
Mayo Clinic Jacksonville, 4500 San Pablo Rd, 
Jacksonville 32224; (904) 223-2000 


Problem-Oriented Approach to Vitreous Surg At: 
Miami Dates: 2/27/89 to 3/1/89 Hrs Instr: 12.5 
(2 hrs for lab session) Reg Fee: $350, $100 prac 
lab Contact: Continuing Education in Oph- 
thalmology Inc, Bascom Palmer Eye Inst, Box 
015869, Miami 33101; (305)326-6099 


March 16-19, 1989 
PROGRAM: 


=— + ts 


Eyelid Surgery: A Basic Course for the Practic- 
ing Physician At: Tampa Date: 2/18/89 Course 
Dir: J. J. Older Contact: Northside Med Ctr, 
Suite 210, 13550 N 31st St, Tampa 33613; (813) 
971-3846 


Visions in Wound Healing: A Symposium on the 
Acceleration of Wound Repair by Growth Fac- 
tors At: Tarpon Springs Dates: 3/16/89 to 
3/19/89 Hrs Instr: 14 Contact: Lynda McIntyre, 
1570 US Hwy 19 North, Tarpon Springs, FL 
34689; (813) 938-2020 (local), (800) 237-4121 


Oculoplastic Update 1989 At: West Palm Beach 
Dates: 1/14/89 to 1/15/89 Hrs Instr: 9 Reg Fee: 
$215 Sponsor: Good Samaritan Health Sys- 
tems Inc Contact: Laura Lyons, Box 024308, 
West Palm Beach 33402-4308; (407)655-5511 


HAWAII 


First Ann Ophthalmol Sem: Glaucoma & Optic 
Nerve Dis for the Gen Ophthalmologist At: 
Honolulu Dates: 2/11/88 to 2/18/88 Hrs Instr: 
33 Reg Fee: $600 Contact: Hawaii Pacific Med 
Sem, 1600 Ala Moana Blvd, Suite 1902, Honolu- 
lu 96815; (800)248-9248 


Tenth Ann Royal Hawaiian Eye Mtg At: Kauai 
Dates: 1/14/89 to 1/21/89 Sponsor: Hawaiian 
Eye Found Contact: RHEM ’89, Mary Charles 
& Associates, 2334 S King St, Suite 205, Hono- 
lulu 96826; (808)942-9655 


ILLINOIS 


Seventh Ann Clin Challenges Day At: Chicago 
Date: 3/15/89 Hrs Instr: 7 Reg Fee: $50 Con- 
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A Symposium on the Acceleration 
of Wound Repair by Growth Factors 


SoS Si 


* Scientific Basis for Wound Healing 
* Moving Biotechnology Into Practice 


* Pre-Clinical and Clinical Trials 
* Today's Frontier 


14 HOURS CME 
FEATURED SPEAKERS: 


D. Martin Carter, M.D., Ph.D. 
The Rockefeller University 


Yves Courtois, D.Sc. 
Institut National De La Sante 


Ronald G. Crystal, M.D. 


The past 20 

years represent a period of 

dramatic progress in ophthalmic 
surgery. Today, biotechnology is creat- 
ing new dimensions in the management 
of wound healing. Genetic engineering 
and modern separation science are mak- 
ing growth factors and other biological 


Bernard Horowitz, Ph.D. 
New York Blood Center 


Richard H. Keates, M.D. 
Ohio State University 


David R. Knighton, M.D. 


George R. Martin, Ph.D. 
National Institute of 
Dental Research 

Richard L. Mowery, Ph.D. 
National Eye Institute 


be ; National Heart, Lung and University of Minnesota Teruo Nishida, M.D., D.Sc. 
response modifiers available to the Blood Institute Sides: r 2k D. Kinki University School 
physician. These proteins, the physio- Patricia A. D'Amore, Ph.D. The Upjohn Company of Medicine 
logical regulators of tissue repair, are the Fiarvard Medical School Vincent H. L. Lee, Ph.D. J. James Toa, MR 
James P. Gills, M.D. University of Southern California University o oma 


| next generation of ophthalmic phar- 
maceuticals. The successful integration 
of these new drugs into the practice of 
ophthalmic surgery defines today’s 
frontier. 

Visions in Wound Healing is a forum 
for physicians and scientists to exchange 
ideas which will shape the future prac- 
tice of surgery in ophthalmology. 


VISIT THE FRONTIER 


St. Luke’s Eye Institute 


Bert M. Glaser, M.D. 
Johns Hopkins University 


Gary R. Grotendorst, Ph.D. 
University of South Florida 


Leonard M. Hjelmeland, Ph.D. 
University of California, Davis 


For Registration Information Call Lynda McIntyre 
Deadline March 3, 1989 


National Wats 


1-800-237-4121 


Gregory S. Schultz, Ph.D. 
University of Louisville 


Scheffer C. G. Tseng, M.D., Ph.D. 
Bascom Palmer Eye Institute 


Harold E. Van Wart, Ph.D. 
Florida State University 


Judith M. Leon, Ph.D. 
Allergan Pharmaceuticals, Inc. 


William J. Link, Ph.D. 
Chiron Ophthalmics, Inc. 


Harry L. Malech, M.D. 
National Institute of Allergy and 
Infectious Disease 


Local 
(813) 938-2020 


Florida Wats 
1-800-282-9905 





The Wilmer Institute 
The Johns Hopkins Medical Institutions 


Current Concepts in Ophthalmology 


An Update On Refractive Corneal Surgery (RKs and Epigrafts), |OLs, Lasers, Glaucoma, Strabismus, 
Retinal Diseases, and Other Recent Developments 

















DATES AND LOCATIONS 





BALTIMORE, MARYLAND 
December 8-10, 1988 





DORADO, PUERTO RICO 
February 19-26, 1989 


VAIL, COLORADO 
March 18-25, 1989 


DORADO, PUERTO RICO 


11th Annual Meeting 
February 19 - 26, 1989 


Course Directors 
Walter J. Stark, M.D. 
Ronald G. Michels, M.D. 


Faculty ~, 
Norman S. Jaffe, M.D. it OX 
Herbert E. Kaufman, M.D. 7 ar 
Dan B. Jones, M.D. L 
Stephen A. Obstbaum, M.D. \4 Ze 

David L. Guyton, M.D. 4 } 
Carl V. Migliazzo, M.D. — r Mhi 

Richard P. Mills, M.D. D 

John D. Gottsch, M.D. : a 

Williant M, Townsend, M.D. CNS 7 M 
Frederick N. Griffith 

David A. Karcher 

Dee Replogle 

Credit: 30 AMA Category | 

Registration Fee: $475, $325 (those in training) 


plus a ‘‘Management of Business Assets” 
seminar for spouses 








BALTIMORE, MARYLAND 


‘1st Annual Meeting 
December 8 - 10, 1988 


Course Directors 
Walter J. Stark, M.D. 
Ronald G. Michels, M.D. 


Faculty 

Stuart L. Fine, M.D. 

W. Richard Green, M.D. 
David L. Guyton, M.D. 

A. Edward Maumenee, M.D. 
Irene H. Maumenee, M.D. 
Neil R. Miller, M.D. 

Arnall Patz, M.D. 

Irvin P. Pollack, M.D. 

Harry A. Quigley, M.D. 
Alfred Sommer, M.D. 
Robert B. Welch, M.D. 

and the entire Wilmer Institute Faculty 


Special Guest Lecturers 
Dan B. Jones, M.D. 
Hunter R. Stokes, M.D. 
David A. Karcher 


Credit: 20 AMA Category | 
Registration Fee: $250, $200 (those in training) 





VAIL, COLORADO 


6th Annual Meeting 
March 18 - 25, 1989 


(corresponds with spring break for many schools) 


Course Directors 
Walter J. Stark, M.D. 
Ronald G. Michels, M.D. 


Faculty 

Ronald E. Smith, M.D. 
Stuart L. Fine, M.D. 

James V. Aquavella, M.D. 
George O. Waring Ill, M.D. 
H. Dunbar Hoskins, Jr., M.D. 
Harry A. Quigley, M.D. 
David L. Guyton, M.D. 
Robert M. Sinskey, M.D. 
Dee Replogle 


Credit: 30 AMA Category | 
Registration Fee: $475, $325 (those is training) 


plus a ‘‘Management of Business Assets” 
seminar for spouses 


Information: Office of Continuing Education, The Johns Hopkins Medical Institutions, 
Turner Building, 720 Rutland Avenue, Baltimore, Maryland 21205, (301) 955-2959 


14 


148 


(Continued from p 146.) 


tact: Clin Challenges Day Registrar, Conf and 
Inst (M/C 607) Univ of Illinois at Chicago, Box 
6998, Chicago 60680; (312)996-5225 


KANSAS 


Kansas Eyecon ’89: Focus on Pediatric Ophthal- 
mol & Retinal Diseases At: Kansas City Dates: 
4/6/89 to 4/8/89 Reg Fee: $225 Hrs Instr: 10 
Contact: Eve Lankston, Kansas Eye Ctr, c/o 
Dept of Ophthalmol, Univ of Kansas Med Ctr, 
39th & Rainbow Blvd, Kansas City; (913) 588- 
6605 


LOUISIANA 


Ann Mtg Contact Lens Assoc of Ophthalmol At: 
New Orleans Dates: 1/18/89 to 1/21/89 Con- 
tact: Mtg Registrar, CLAO, 523 Decatur St, 
Suite 1, New Orleans 70130; (800)821-0787 or 
(504)581-4000 


Thirty-eighth Ann Symp on Pediatric Ophthal- 
mol, Strabismus, & Oculoplastic Surg At: New 
Orleans Dates: 3/3/89 to 3/5/89 Hrs Instr: 22 
Reg Fee: $350 prac phys ($400 after 1/1/89) 
Contact: Emily Busby, New Orleans Academy 
of Ophthalmol, Eye, Ear, Nose & Throat Hosp, 
2626 Napoleon Ave, Suite 2076, New Orleans 
70115; (504)899-9955 


MASSACHUSETTS 


Neurology of the Anterior Visual Pathway At: 
Boston Date: 12/17/88 Contact: Harvard Med 
School, Dept of CME, Boston 02115; (617)732- 
1525 


Solving Cornea Dilemmas At: Boston Date: 3/ 
18/89 Sponsor: Massachusetts Eye and Ear Inf 
& Harvard Med Sch Contact: Harvard Med 
Sch, Dept of CME, Boston 02115; (617)732- 
1525 


Eighteenth Ann Course in Prac Aspects of Pho- 
tocoagulation At: Boston Dates: 3/30/89 to 
4/1/89 Hrs Instr: 16(Full Course) 10(Didactic 
Course) Reg Fee: $500(Full Course) $300 (Di- 
dactic Course) Contact: J. Wallace McMeel, 
MD, Attn: Ms J. Cerone, 100 Charles River 
Plaza, Boston 02114; (617)532-7810 


MICHIGAN 


Twelfth Ann Ophthalmol Rev Course At: Detroit 
Dates: 3/9/89 to 3/14/89 Reg Fee: $550 prac 
phys, $400 residents & fellows Contact: Div of 
CME, Wayne State Univ Sch of Med, 4201 St 
Antoine, 4H-2, Detroit 48201; (313)577-1180 


NEW YORK 


Contact B and A Scan Diagnostic Ultrasonogra- 
phy At: New York Date: 2/11/89 Contact: 
Margarert Bobyak, Course Coordinator, Man- 
hattan Eye, Ear & Throat Hosp, 210 E 64th St, 
Room 804, New York 10021 


Fifth Ann Live-Video Ophthalmic Plastic Surg 
Workshop: The Masters of Ophthalmic Plastic 
Surg At: New York Dates: 3/10/89 to 3/11/89 
Contact: Ophthalmol Course Coordinator, 
Manhattan Eye, Ear & Throat Hosp, 210 E 
64th St, New York 10021 


1989 Sigmund Schutz Professorship At: New 
York Dates: 4/6/89 to 4/8/89 Guest Speaker: 
Lorenz E. Zimmerman, MD Contact: Martha 
Klapp, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New York; (212) 605-3762 


OKLAHOMA 


Thirteenth Ann Meet Christian Ophthalmol Soc 


At: Oklahoma City Dates: 5/15/89 to 5/18/89 
Contact: Bradley K. Farris, MD, Dept of Oph- 
thalmol, Univ of Oklahoma, 608 Stanton L. 
Young Blvd, Oklahoma City 73104 


PENNSYLVANIA 


Cornea and External Dis Symp At: Philadelphia 


Date: 1/21/89 Reg Fee: None Hrs Instr: 3.5 
Contact: Mary Allegrini, Scheie Eye Inst, 51 N 
39th St, Philadelphia 19104; (215) 662-8119 


Fourteenth Ann Ophthalmol Rev Course At: 


Philadelphia Dates: 3/18/89 to 3/22/88 Hrs 
Instr: 41 Reg Fee: $600 prac phys, $300 resi- 
dents Contact: Lucia M. Manes, Dept of Cont 
Med Educ, Wills Eye Hosp, 9th & Walnut 
Streets, Philadelphia, PA 19107; (215)928- 
3378 


TENNESSEE 


18th Ann Univ of Tenn Residents-Alumni Day At: 
Memphis Dates: 3/10/89 Guest Speaker: Jack 
Holladay, MD Reg Fee: None Contact: Roger 
L. Hiatt, MD, Dept of Ophthalmol, Univ of 
Tenn, 956 Court Ave, Memphis 38163; (901) 
528-5883 


(Continued on p 151.) 





MEMPHIS EYE CONVENTION 


PRESENTED BY 


THE MEMPHIS EYE SOCIETY 
AND 


UNIVERSITY OF TENNESSEE ¢ DEPARTMENT OF OPHTHALMOLOGY 
MARCH 11-12, 1989 e THE PEABODY HOTEL ¢ MEMPHIS, TENNESSEE 





GEORG EISNER, M.D. 


Decision Making in IOL Power Calculations 


GUEST FACULTY: 








JACK TAYLOR HOLLADAY, M.D. 
TOPICS THAT WILL BE COVERED: 





Vitreous Examination and Its Prognostic Value 


Ophthalmology in Switzerland 


Small Incision |OLs 





WILLIAM F. MALONEY, M.D. 


Current Concepts in Glare & Contrast Sensitivity Testing 
incisions and Sutures 
The Three Essential Steps of Phacoemulsification 


Surgically Tailored Astigmatism Reduction (A Comprehensive Approach to Varying Amounts of Pre-Existing Astigmatism in Cataract Patients) 


For Further Information Please Contact: 


Thomas C. Gettelfinger, M.D., Director, Memphis Eye Convetion, 6485 Poplar, Memphis, TN 38119, (901) 767-3937 


BASIC SCIENCE COURSE IN OPHTHALMOLOGY 


AT STANFORD 
July 5 through August 31, 1989 


Sponsored by the Department of Ophthalmology, Stanford University Medical Center and presented in cooperation 
with the University of California, Davis; Pacific Presbyterian Medical Center; and the University of California, San 


Francisco. 


Learn the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful Stanford 
University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Physiology and Biochemistry, Embryology, 
Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, Fluorescein Angiography, Optics and Theory of 


Refraction, and other important shorter subjects. 


Instructors include Doctors C. Beard, J. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, P. Egbert, J. Eliason, 
M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, G. Paris, H. Schatz, A. Scott, W. Scott, R. 
Shaffer, M. Smith, G. Smolin, W. Spencer, R. Stamper and many others on the faculty of 60. 


Tuition is $1,550. For further information and application forms, please write to J.W. Bettman, M.D., Department of 
Ophthalmology, A-157, Stanford Medical Center, Stanford, California 94305. 


REFLECTIONS OF GREATNESS 


Gerald Ford, President: 1974 - 1977. 
Eagle Scout, 1927. 


“The child is father of the man.” Words- 
worth said it over one- hundred fifty 
years ago. The strengths ingrained in 

youth flourish with age. 










For more than seventy 
years, the Boy Scouts have 
perpetuated the ideals of 
America: honor, charac- 
ter, loyalty; duty to 
God, mankind, and 

country. 


It’s not surprising 
H iM nation’s outstand- 
Ll EON Y ing citizens and 

m one DÀ leaders have been 
W A Boy Scouts. 





BECOME A MEMBER OF THE NATIONAL BOY SCOUT 
ALUMNI FAMILY. — JOIN TODAY! 


Your one-year, $10 membership entitles you to the Alumni 
Bulletin, the Annual Report, a membership card and an 
Q attractive wall certificate suitable for framing. 

i A three-year, $30 membership entitles you to a free Norman 
Rockwell print, as well as all of the benefits of a one-year 
membership. 

Write today ta 


National Boy Scout Alumni Family 
1325 Walnut Hill Lane ¢ Irving, Texas 75062 - 1296 


some of our ` 















Howarp UNIVERSITY COLLEGE OF MEDICINE 
Division of Ophthalmology 

in cooperation with 

St. Croix Hospital 


presents 


THE SECOND 
CARIBBEAN 
GLAUCOMA 
SYMPOSIUM 


March 17-18, 1989 
St. Thomas, U.S. Virgin Islands 



















Guest Faculty Includes: 
Kevin Greenidge, M.D.—New York, N.Y. 
Eve Higginbotham, M.D.— Chicago, Ill 
Juan Nevarez Marrero M.D.—Rio Peidras, Puerto Rico 
Thomas Richardson, M.D.—Boston, MA 
Arthur Schwartz, M.D.—Washington, D.C. 
M. Roy Wilson, M.D.—Los Angeles, CA 
Thom Zimmerman, M.D.—Louisville, KY 


For information write: 
Mrs. Mary Bryant 
Howard University Hospital Division of Ophthalmology 
2041 Georgia Avenue, N.W. 

Washington, D.C. 20060 
(202) 865-1257 


The Ophthalmology Review Course 


April 7-12, 1989 — Chicago 
November 6-11, 1989 — Philadelphia 
May 5-10, 1990 — San Francisco 


Now, your only BROAD REVIEW just before Written and Oral Exams 


OBJECTIVES METHODS 

e Improve basic and clinical knowledge in ophthalmology e HOME STUDY MATERIALS with a syllabus of questions 
e Assist residents and fellows in organizing study and answers — and assignments 

e Prepare candidates to take examinations e SEMINAR with projection- slide lectures and syllabus 


e Provide practicing ophthalmologists with a review and update è PRACTICE EXAMS with oral and written parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, | "Accommodations were comfortable...."* 
not only from world-famous authorities but from people who are relatively unknown as well."* 


GOALS AND LOCATION: The course 
is held the week before written and oral 
TOPICS exams. Home study questions will be sent 
before the course. Your best value is to 


Fundamentals Neuro-ophthalmology Orbit and Adnexa repeat the seminar for half price the week 
. before both written and oral exams. 
Anatomy Neur oanatomy Orbit Topics and faculty are upgraded for each 
Biochemistry Optic Nerve Eyelids ag Menia ips are digen ie 
3 è i the best combination of excellent study 
Physiology Visual Pathways Lacrimal System site and reasonable cost for travel and 
5 i room. Our rates are typically $66 to $80 
Pharmacology Pupillomotor System Plastic Surgery single and $80 to $98 double. Please wait 
Oculomotor System for instructions before buying your travel 
Optics and Refraction 4 Medical Problems tickets. 
Ophthalmic Optics Pediatric Eye Immunology "and those little extras...."* 
Refractive Errors Congenital Disorders Endocrinology LOWEST AIR FARES: Reliable Travel 
is as i pai offers you the lowest air fare — often 
Instruments Genetic Disorders Systemic Diseases below super-saver rates. Please call toll- 
Clinical Refraction Strabismus Emergencies free 1-800-645-6504 ext. 10 and identify 
yourself with this Osler course. 
Intraocular Ocular Surface Ophthalmic Pathology | "-7emarkably complete and pleasant "* 
Inflammation External Disease Adnexa and Orbit PLACEMENT SERVICE: For practice 
réal Tract Pens External Bye opportunities write or call (800) 356-7537. 
"the most education for the money."* 
Ocular Tumors Conjunction Anterior Segment 
N FEES AND C.M.E. CREDITS: 
> Sclera Posterior Segment e CME. Credit: 60 hoiii 
Posterior Segment e Practicing Ophthalmologists: $630 
Retina Anterior Segment Other Activities e Residents and Fellows: $420 
. ; e Repeating course within 3 years: half price 
Vitreous Anterior Angle Pathology Laboratory o Add 10% for April 89 after Mar. 25,1989. 
Laser Surge Glaucoma Written Exam e Attendees not in course hotel add $8/day. 
8 y . ._. 
Macula Peng Oral Exam e $50.00 will reserve your position.. 
" ° "nk 
Vascular Disease Trauma Exam Review -home study material was extremely helpful 
e e east eresnrenneennonaceeeennnnnscnnenesouercnsenscseennnensneens CANCELLATIONS: Refunds subject to $50 
Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION fee, will be made until the seminar begins. 


e Cancellation after mailing home study 














Name ‘material requires retention of half of the 
Address fee. 
City/State/Zip : "I feel [the course] helped me pass...."* 
Phone For: April 7-12, 1989— Chicago $ INFORMATION: 

. C Nov. 6-11, 1989— Phildelphia ! Joseph H. Selliken, Jr., M.D. 
Mail today to: NE A NE E O 
1094 Dawn Lane. Dent A1 LI Mays n E Dawe Lane, Terre Haute, IN 47802 
P.O. Box 2218 Sis [] Check is enclosed for $ : (800) 356-7537 or (812) 299-5658 
Terre Haute, IN 47802 C Please send more information. i * Comments by past Osler participants 
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The Memphis Eye Convention At: Memphis 
Dates: 3/11/88 to 3/12/88 Hrs Instr: 9 Contact: 
Sherry Murphy, 6485 Poplar Ave, Memphis, 
TN 38119; (901)767-3937 


TEXAS 


11th Ann Dallas Spring Ophthalmol Symp At: 
Dallas Dates: 3/31/89 to 4/1/89 Hrs Instr: 10 
Reg Fee: $250 Guest Speakers: Bruce Shields, 
MD & George Spaeth, MD Contact: Susan 
Shelby, Texas Retina Assoc, 7150 Greenville 
Ave, Suite 400, Dallas 75231; (214) 692-6941 


Clin Adv in Ophthalmol for the Prac Ophthalmol- 
ogist At: Houston Dates: 3/17/89 to 3/19/89 
Contact: Carol J. Soroka, Office of Continuing 
Education, Baylor Coll of Med, One Baylor 
Plaza, Houston 77030; (713)798-6020 


International Symp on Acanthamoeba & the Eye 
At: Houston Dates: 4/14/89 to 4/16/89 Contact 
Tamara C. Greiner, Off of CME, Baylor Coll of 
Med, One Baylor Plaza, Houston, Texas 77030; 
(713) 798-6020 


Ninth Ann Ophthalmol Clin Conf At: San Antonio 
Dates: 3/31/89 to 4/1/89 Contact: CME, 
UTHSCSA, 7703 Floyd Curl Dr, San Antonio 
78284; (512) 567-4444 


UTAH 


Seventh Ann Park City Oculoplastic Meet At: 
Park City Dates: 2/11/89 to 2/18/89 Reg Fee: 
$375 Contact: Jeffrey C. Popp, 8300 Dodge St, 
Suite 200, Omaha, NE 68114; (402) 391-4558 


5th Annual 
Live-Video 
Ophthalmic 


Plastic Surgery 
Workshop 


COURSE DIRECTORS: 


WASHINGTON 


Laser Imaging & Photoeffects in Ophthalmol At: 
Los Angeles Dates: 1/15/89 to 1/20/89 Con- 
tact: SPIE, OF/LASE ’89 Med, Box 10, Belling- 
ham, WA 98227; (206)676-3290 


FOREIGN 


intercapsula ’89 At: Liege, Belgium Dates: 3/ 
19/89 to 3/21/89 Contact: Secretariat du Dr A. 
Galand, Clinique Sainte Rosalie, 72 rue des 
Wallons, B-4000 Liege, Belgium 


Fifteenth Ann Mtg Canadian Implant Assn At: 
Montreal Dates: 6/2/89 to 6/3/89 Contact: 
Marvin L. Kwitko, MD, Prgm Chairman, 5591 
Céte des Neiges Rd, Montreal, Quebec, Canada 
H3T 1Y8; (514)735-1133 


Pediatric Ophthalmo! Cruise Sem At: Western 
Caribbean (Tampa, Playa Del Carmen, Cozu- 
mel, Ocho Rios, Grand Cayman Dates: 1/14/89 
to 1/21/89 Contact: Kenneth W. Wright, MD, 
Childrens Hosp of Los Angeles, Div of Oph- 
thalmol, 4650 Sunset Blvd, Los Angeles, CA 
90027; (213)669-2513 


indian Intraocular Implant Soc Convention At: 
Madras, India Dates: 1/4/89 to 1/5/89 Con- 
tact: Dr Chander Neroor, Organising Secy, Dr 
Agarwal’s Eye Inst, 13 Cathedral Rd, Madras 
600 086, India 


Forty-seventh All India Ophthalmol Conf At: 
Madras, India Dates: 1/6/89 to 1/10/89 Con- 
tact: Dr J. Agarwal, Gen Secy, All India Oph- 
thalmol Soc, Dr Agarwal’s Eye Inst, 13 Cathe- 
dral Rd, Madras 600 086, India 


Internati Congress on Ocular Trauma (Anterior, 
Posterior, & External Segments) At: Tel-Aviv, 





The Masters 
of Ophthalmic 


Plastic Surgery 
Lacrimal, Eyelid 
& Orbital Surgery 


Friday & Saturday e March 10-11, 1989 


Israel Dates: 2/19/89 to 2/24/89 Co-Chairper- 
sons: G. Treister (Israel), B. Glaser (USA) 
Contact: The Secretariat, Internat] Congress 
on Ocular Trauma, Box 50006, Tel-Aviv 61500, 
Israel; (03)654571 


Biennial Mtg Diopter & Decibel Soc At: Acapul- 
co, Mex Dates: 1/21/89 to 1/28/89 Contact: 
Jeannine L. Nee, CME, 3518 5th Ave, Pitts- 
burgh, PA 15213; (412)682-6300 


N Am Neuro-Ophthalmol Soc At: Cancun, Mex 
Dates: 3/6/89 to 3/12/89 Speaker: Charles G. 
Drake, MD Contact: NANOS, 302 Juniper Hill 
Road, NE, Albuquerque, NM 87122; (505)293- 
2963 


Third Ann Ophthalmol Mtg Massachusetts Eye & 
Ear Inf At: Puerto Vallarta, Mex Dates: 2/5/89 
to 2/9/89 Contact: Harvard Med Sch, CME, 
Boston, MA 02115; (617)732-1525 


Eleventh Ann Wilmer Inst Current Concepts in 
Ophthalmol At: Dorado, Puerto Rico Dates: 
2/19/89 to 2/26/89 Hrs Instr: 30 Reg Fee: $475 
prac phys, $325 residents & fellows Contact: 
Prgm Coordinator, CME, The Johns Hopkins 
Med Inst, Turner 22, 720 Rutland Ave, Balti- 
more, MD 21205; (301)955-2959 


Ophthalmol ’89 At: Jeddah, Saudi Arabia Dates: 
3/29/89 to 4/1/89 Fee: $125 Contact: Ophthal- 
mol ’89, Office of the Saudi Ophthalmol Soc, 
Box 55307, Riyadh 11534, Saudi Arabia 


Second Ann Caribbean Glaucoma Symposium 
At: St Thomas, US Virgin Islands Dates: 3/ 
17/89 to 3/18/89 Contact: Mary Bryant, How- 
ard Univ Hosp Div of Ophthalmol, 2041 Geor- 
gia Ave NW, Washington, DC 20060; (206)865- 
1257 








Richard D. Lisman, M.D., Murray Meltzer, M.D., 
Rene Rodriguez-Sains, M.D., Byron Smith. M.D 


STAFF SURGEONS: 


Frederick Jakobiec, M.D., Albert Hornblass, M.D., 
Byron Smith, M.D 


INSTRUCTORS: 


Bryan Arthurs. M.D.. Edward Bedrossian, Jr.. M D.. 
Steven Gilbard. M.D.. Kenneth Hyde. M.D . 
Donald McDonald. M.D.. Philip Silverstone. M. D 


INVITED SURGICAL “MASTERS”: 
A. Jan Berlin. M.D.. Richard Dortzbach. M D.. Allen Putterman. M.D 


CURRICULUM: 


This course will cover the major topics in ophthalmic plastic surgery that coincide 
with the major areas of expertise of our invited Master surgeons. These topics will be 
informally taught by lecture and live surgery. 
a. Orbital and Lacrimal Surgery 
b. Blepharoplasty e. Cryosurgery 
c. Ptosis Surgery f. Socket Surgery 
Participants are allowed free access to OR's. teaching classroooms and simulcast video. 





Manhattan 
Eye, Ear & Throat Hospital 
210 East 64th Street, 
New York, 10021 


LIMITED REGISTRATION 


CONTACT 
Ophthalmology Course Coordinator 
Manhattan Eye, Ear & Throat Hospital 
210 East 64th Street, NYC, NY 10021 


d. Ectropion & Entropion Correction 
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(prednisolone acetate 1%, gentamicin sulfate 3 mg/mL base) 
Liquifilm® sterile ophthalmic suspension 


_ DESCRIPTION: Pred-G Liquifilm sterile ophthalmic suspension is a topical anti-inflam- 


matory/anti-infective combination product for ophthalmic use. Chemical Names: Pred- 
nisolone acetate: 118,17,21rihydroxypregna-1,4-diene-3,20- dione 21-acetate. Gentamicin 
sulfate is the sulfate salt of gentamicin C1, gentamicin Co, and gentamicin C4q which are 
produced by the growth of Micromonospora purpurea. Contains: prednisolone acetate 
(microfine suspension) 1.0%, gentamicin sulfate equivalent to 0.3% gentamicin base with: 
Liquifilm® (polyvinyl alcohol) 1.4%; benzalkonium chloride 0.005%: edetate disodium; 
hydroxypropyl methylcellulose; polysorbate 80; sodium citrate, dihydrate; sodium chloride; 


į sodium hydroxide and/or hydrochloric acid to adjust the pH; and purified water. CLINICAL 
PHARMACOLOGY: 


: Corticosteroids suppress the inflammatory response to a variety of agents 
and they probably delay or slow healing. Since corticosteroids may inhibit the body's defense 
mechanism against infection, a concomitant antimicrobial drug may be used when this 
inhibition is considered to be clinically significant in a particular case. The anti-infective 
component in Pred-G is included to provide action against specific organisms susceptible 
to it. Gentamicin sulfate is active in vitro against susceptible strains of the following micro- 
organisms: Staphylococcus aureus, Group A beta-hemolytic and non-hemolytic 
Streptococci, Streptococcus pneumoniae, Escherichia coli, Hemophilus influenzae, 
Klebsiella/Enterobacter species, Neisseria species, Pseudomonas aeruginosa, Serratia 
marcescens. When a decision to administer both a corticosteroid and an antimicrobial 
is made, the administration of such drugs in combination has the advantage of greater 
patient compliance and convenience, with the added assurance that the appropriate dosage 
of both drugs is administered. When both types of drugs are in the same formulation, 


compatibility of ingredients is assured and the correct volume of drug is delivered and 


retained. The relative potency of corticosteroids depends on the molecular structure, con- 
centration, and release from the vehicle. INDICATIONS AND USAGE: Pred-G suspension 
is indicated for steroid-responsive inflammatory ocular conditions for which a corticosteroid 
is indicated and where superficial bacterial ocular infection or a risk of bacterial ocular 
infection exists. Ocular steroids are indicated in inflammatory conditions of the palpebral 
and bulbar conjunctiva, cornea, and anterior segment of the globe where the inherent risk 
of steroid use in certain infective conjunctivitides is accepted to obtain a diminution in edema 
and inflammation. They are also indicated in chronic anterior uveitis and corneal injury 
from chemical, radiation, or thermal burns or penetration of foreign bodies. The use of 
a combination drug with an anti-infective component is indicated where the risk of superficial 
ocular infection is high or where there is an expectation that potentially dangerous num- 
bers of bacteria will be present in the eye. The particular anti-infective drug in this product 
is active against the following common bacterial eye pathogens: Staphylococcus aureus, 
Group A beta-hemolytic and non-hemolytic streptococci, Streptococcus pneumoniae, 
Escherichia coli, Hemophilus influenzae, Klebsiella/ Enterobacter species, Neisseria 
species, Pseudomonas aeruginosa, and Serratia marcescens. CONTRAINDICATIONS: 


Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, and many other 


viral diseases of the cornea and conjunctiva. Mycobacterial infection of the eye. Fungal 
diseases of the ocular structures. Hypersensitivity to a component of the medication. (Hyper- 
sensitivity to the antibiotic component occurs at a higher rate than for other components.) 
Pred-G suspension is always contraindicated after uncomplicated removal of a corneal foreign 
body. WARNINGS: Prolonged use may result in glaucoma, with damage to the optic nerve, 
defects in visual acuity and fields of vision, and in posterior subcapsular cataract forma- 
tion. Prolonged use may suppress the host response and thus increase the hazard of 
secondary ocular infections. In those diseases causing thinning of the cornea or sclera, 
perforations have been known to occur with the use of topical steroids. In acute purulent 
conditions of the eye, steroids may mask infection or enhance existing infection. If these 
products are used for 10 days or longer, intraocular pressure should be routinely moni- 
tored even though it may be difficult in children and uncooperative patients. Employment 
of a steroid medication in the treatment of patients with a history of herpes simplex requires 
great Caution. Pred-G is contraindicated in patients with active herpes simplex keratitis. 
Pred-G Liquifilm sterile ophthalmic suspension is not for injection. It should never be injected 
subconjunctivally, nor should it be directly introduced into the anterior chamber of the eye. 
PRECAUTIONS: The initial prescription and renewal of the medication order beyond 20 
milliliters should be made by a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where appropriate, fluorescein 
Staining. The possibility of fungal infections of the cornea should be considered after 
prolonged steroid dosing. ADVERSE REACTIONS: Adverse reactions have occurred with 
Steroid/anti-infective combination drugs which can be attributed to the steroid compo- 
nent, the anti-infective component, or the combination. Exact incidence figures are not 
available since no denominator of treated patients is available. Reactions occurring most 
often from the presence of the anti-infective ingredient are allergic sensitizations. The reac- 
tions due to the steroid component in decreasing order of frequency are: elevation of intra- 
ocular pressure (IOP) with possible development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and delayed wound healing. Secondary 
Infection: The development of secondary infection has occurred after use of combinations 


| containing steroids and antimicrobials. Fungal infections of the cornea are particularly prone 


to develop coincidentally with long-term applications of steroid. The possibility of fungal 
invasion must be considered in any persistent corneal ulceration where steroid treatment 
has been used. Secondary bacterial ocular infection following suppression of host responses 
also occurs. DOSAGE AND ADMINISTRATION: Instill one drop into the conjunctival sac 
two to four times daily. During the initial 24 to 48 hours, the dosing frequency may be 
increased if necessary. Care should be taken not to discontinue therapy prematurely. Not 
more than 20 milliliters should be prescribed initially and the prescription should not be 
refilled without further evaluation as outlined in PRECAUTIONS above. HOW SUPPLIED: 
Pred-G™ (prednisolone acetate 1.0%, gentamicin sulfate—0,3% base) Liquifilm® sterile 
ophthalmic suspension is supplied in plastic dropper bottles in the following sizes: 5mL— 
NDC 0023-0106-05; 10 mL—NDC 0023-0106-10. Note: Store at room temperature. Avoid 
excessive heat, 40°C (1040F) and above. Protect from freezing. Shake well before using. 
Caution: Federal law prohibits dispensing without prescription. 


= ALLERGAN PHARMACEUTICALS 


A Division of Allergan, Inc., Irvine, California 92713 
©1988 
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The first one-piece lens with Violet Hap 
for better visualization 


New EZVUE™ Violet Haptic The safe use of the 
One-Piece Lenses from additive has been « 
IOLAB offer an advantage established for mai 
most surgeons prefer... better in Vicryl* Absorba 
visualization. Its violet colored Ophthalmic Sutur 

haptics allow you to easily see a 
the lens during ieta and PENSE ee : 
aid in placing both haptics in same ee ae 
the capsular bag. Centration OLA ee p 

PMMA lenses. 


and fixation are quickly 
verified. 





EZ.V UE’... 
you Il see the difference. 


Silay 


INTRAOCULAR 


a fohmonafohmen company 








Prior to use, please refer to the product information package insert for indications, cautior 
IOLAB Corporation, 500 IOLAB Dr., Claremont, CA 91711, 714/624-2020: Customer Ser 


*Trademark of Ethicon, Inc. 





CAUTION: Investigational Device. Limited by 
Federal Law to investigational use. 
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IN A WHOLE 
NEW LIGHT. 


Introducing 
The unique steroid/antibiotic combination. 
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(prednisolone acetate 1%, 
gentamicin sulfate 3 mg/mL base) 
Liquifilm” sterile ophthalmic suspension 


Please see adjacent page for complete prescribing information 
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TIC lessens the risk of systemic 
ide effects while controlling IOP 


e CNS effects including impotence, depres- 
sion, lethargy, and confusion are less likely 
due to the absence of significant plasma 
beta-blocking activity following ocular 
betaxolol administration: 

e Pulmonary reactions are less likely to occur’ 

e Cardiac function is maintained’ 





Although BETOPTIC has produced only minimal effects in patients with reactive airway disease, 
caution should be exercised in the treating of patients with excessive restriction of pulmonary 
function 


BETOPTIC is contraindicated in patients with sinus bradycardia, greater than a first-degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. Patients 
receiving an oral beta blocker and BETOPTIC should be observed for potential additive 
effect on known systemic effects of beta blockade. Caution should be exercised in patients 
receiving catecholamine-depleting drugs 


Start your glaucoma patients on 


BETOPTIC 


betaxolol HCI 


Sterile Ophthalmic Solution, 0.5% 





Please see the following page for brief summary of prescribing information. ©1988 Alcon Laboratories, Inc. 





54 






. BETOPTIC. 


© (betaxolol HCl) ig 


Sterile Ophthalmic Solution, 0.5% " 


Help break the burden of 
insidious systemic side effects. 


BETOPTIC® Ophthalmic Solution 


(betaxolol hydrochloride) 0.5% as base 


DESCRIPTION: BETOPTIC® Sterile Ophthalmic Solution contains betaxolol hydrochloride, a 
cardioselective beta-adrenergic receptor blocking agent, in a sterile isotonic solution. 


INDICATIONS AND USAGE: BETOPTIC Ophthalmic Solution has been shown to be effective 
in lowering intraocular pressure and is indicated in the treatment of ocular hypertension and 
chronic open-angle glaucoma. It may be used alone or in combination with other anti- 
glaucoma drugs. 

In clinical studies BETOPTIC safely controlled the intraocular pressure of 47 patients with 
glaucoma and reactive airway disease followed for a mean period of 15 months. However, cau- 
tion should be used in treating patients with severe reactive airway disease. 


CONTRAINDICATIONS: BETOPTIC Ophthalmic Solution is contraindicated in patients with 
sinus bradycardia, greater than a first degree atrioventricular block, cardiogenic shock, in 
patients with overt cardiac failure, and in those patients with hypersensitivity to any component 
of this product. 


WARNING: Although BETOPTIC Ophthalmic Solution has had little or no effect on heart rate 
or blood pressure in clinical studies, caution should be observed in treating patients with a his- 
tory of cardiac failure. Treatment with BETOPTIC Ophthalmic Solution should be discontinued 
at the first signs of cardiac failure. 


PRECAUTIONS: Patients who are receiving a beta-adrenergic blocking agent orally and 
BETOPTIC Ophthalmic Solution should be observed for a potential additive effect either on 
the intraocular pressure or on the known systemic effects of beta blockade. 

While BETOPTIC Ophthalmic Solution has demonstrated a low potential for systemic effect, 
it should be used with caution in patients with diabetes (especially labile diabetes) because of 
possible masking of signs and symptoms of acute hypoglycemia. Beta-adrenergic blocking 
agents may mask certain signs and symptoms of hyperthyroidism and their abrupt withdrawal 
might precipitate a thyroid storm. 

Consideration should be given to the gradual withdrawal of beta-adrenergic blocking agents 
prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. 


Pulmonary: BETOPTIC Ophthalmic Solution, a cardioselective beta-blocker, has produced 
only minimal effects in patients with reactive airway disease; however, caution should be exer- 
cised in the treatment of patients with excessive restriction of pulmonary function. 


Drug Interactions: Although BETOPTIC Ophthalmic Solution used alone has little or no 
effect on pupil size, mydriasis resulting from concomitant therapy with BETOPTIC Ophthalmic 
Solution and epinephrine has been reported occasionally. 

Close observation of the patient is recommended when a beta-blocker is administered to 
patients receiving catecholamine-depleting drugs such as reserpine, because of possible 
additive effects and the production of hypotension and/or bradycardia. Caution should be exer- 
cised in patients using concomitant adrenergic psychotropic drugs. 


Ocular: In patients with angle-closure glaucoma, the immediate treatment objective is to re- 
open the angle by constriction of the pupil with a miotic agent. Betaxolol has no effect on the 
pupil; therefore, BETOPTIC Ophthalmic Solution should be used with a miotic to reduce ele- 
vated intraocular pressure in angle-closure glaucoma. 

As with the use of other antiglaucoma drugs, diminished responsiveness to BETOPTIC 
Ophthalmic Solution after prolonged therapy has been reported in some patients. However, in 
one long-term study in which 250 patients have been followed for a mean period of two years, 
no significant difference in mean intraocular pressure has been observed after initial 
Stabilization. 


Pregnancy and Nursing: As with any drug, BETOPTIC Ophthalmic Solution should be used 
in pregnant or nursing women only when the anticipated benefits outweigh the risks. 


Usage in Children: Clinical studies to establish the safety and efficacy in children have not 
been performed. 


ADVERSE REACTIONS: 

Ocular: BETOPTIC Ophthalmic Solution has been well tolerated. Discomfort of short duration 
was experienced by one in four patients, but none discontinued therapy; occasional tearing 
has been reported. Rare instances of decreased corneal sensitivity, erythema, itching sensa- 
tion, corneal punctate staining, keratitis, anisocoria and photophobia have been reported. 


Systemic: Systemic reactions following topical administration of BETOPTIC Ophthalmic 
Solution have been reported rarely (€.g., insomnia and depressive neurosis). 


® 
Alcon Laboratories, Inc. Alcon 


Fort Worth, Texas 76134 USA OPHTHALMIC 
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The tonometer 
held inthe 
highest esteem. 


Clement Clarke 


The Perkins Applanation Tonometer is available 
at an authorized Clement Clarke Inc. dealer. Call 
1-800-898-8923 for more information. 
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by the copy editor. Designate one author as correspondent and 
provide his address and telephone number. A manuscript should 
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are listed, a detailed written description of each person’s personal 
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contributions must be substantial. 
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high-quality copies. All copy (including references, legends, and 
tables) must be typed double-spaced on 21.6 X 27.9-cm (8% X 11- 
in) paper. Margins of at least 2.5 cm (1 in) must be provided. If a 
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the author’s employer, partner, or business associate. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
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(6) publisher, (7) year, and (8) page, if indicated. 
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Illustrations.— Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrations per manuscript 
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triplicate, unmounted and untrimmed. Do not send original 
artwork. Send high-contrast glossy prints. Figure number, name 
of senior author, and arrow indicating “top” should be typed on a 
gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered to 
achieve uniformity of lettering style throughout the journal. 
Magnification and stain should be provided when pertinent. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
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part of the expense of reproduction and printing color illustra- 
tions, the remainder to be borne by the author. Submit a state- 
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mation, photograph(s), and a brief list of references (five or less), 
if pertinent, should be submitted in triplicate. There is no limit on 
the number of photos, but articles will be limited to one to two 
printed pages, and all material must fit into this format. Refer to 
the general “Instructions for Authors” for other requirements. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 
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for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
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So that’s what’s causing it 


Ophthalmic literature is full of articles and discussions on retrobulbar neuritis. Not only is there considerable 
difference of opinion in regard to its etiology, but the confusing terminology of optic neuritis, papillitis, choked 
disk, etc., has made it difficult to determine just which signs and symptoms constitute the disease. 

Therefore, it may be well to state that retrobulbar neuritis in this article means the symptom complex consisting 
of rather rapid loss of visual acuity associated with a central scotoma and usually normal, but at times varying, 
peripheral fields. There may be pain and tenderness on moving the eyeball. The ophthalmoscopic picture is usually 
normal, but in some cases the disk shows blurred margins and congestion of the vessels. The disease may attack one 
or both eyes. There is a definite tendency toward recovery, although in some cases sight is irreparably damaged. 
Recurring attacks are not infrequent. 

The conditions causing the picture of retrobulbar neuritis are many and varied: 

1. Inflammation may be communicated to the nerve from adjacent structures. 

2. Toxins may be carried to the nerve by the blood stream: (a) from foci of infection or (b) through alcohol and 
tobacco amblyopia. 

3. Inflammation in the nerve may be a local manifestation of a general disease such as gumma or tubercle. 

4. Involvement of the nerve may be part of a disease of the central nervous system caused by: (a) multiple 
sclerosis or (b) pressure from expanding lesions of the frontal lobe. 


SOURCE: Dunphy EB::Ophthalmic review: Retrobulbar neuritis. 
Arch Ophthalmol 1930;3:208 


Edited by Jean Schaffner, Editorial Assistant 
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Cystoid Macular Edema Following Cataract Surgery 


To the Editor.—I read with great interest Dr Jampol’s 
editorial in the July 1988 issue of the ARCHIVES.' It is 
reassuring to know that we now have two well-designed 
studies? that support many ophthalmologists’ impression 
that posterior capsulotomy is associated with a higher 
incidence of pseudophakic cystoid macular edema (CME). 
However, it is possible that these studies underestimate 
the real incidence of postoperative CME because both 
studies include only patients treated with corticosteroids 
for the entire duration of the investigation. Therefore, the 
results reflect not only the effect of a primary posterior 
capsulotomy on the development of CME but also the 
effects of concurrent use of corticosteroids and the influ- 
ence of a posterior capsule on corticosteroid ocular pene- 
tration and distribution. Although no well-controlled 
study has been reported that demonstrates that corticoste- 
roids have any effect on prevention or treatment of CME,’ 
many ophthalmologists believe they have a beneficial 
effect on CME. Therefore, we cannot ignore the possibility 
that corticosteroid treatment may have influenced the 
results of both studies, making an estimate of “10000 to 
20000 new unhappy patients produced each year” an 
underestimate. 

In addition, it is important to recognize and emphasize 
that these “new unhappy patients” are not complaining 
about their fluorescein angiogram results. They want 
better vision. This fact, coupled with the observation that 
poor visual acuity coexisting with a diagnosis of CME may 
have no correlation with an angiographic grading system,’ 
makes an emphasis of angiographic results unreasonable 
and possibly misleading. There is no reason why visual 
acuity (an evaluation of the photoreceptors and subsequent 
integration of the entire visual pathway) and the cystoid 
pattern observed on the angiogram (a collection of fluid in 
the outer plexiform layer of the retina) should always 
correspond. In fact, the irreversible angiographic changes 
that are well documented in chronic CME have encouraged 
many ophthalmologists to assume that chronic CME is an 
untreatable postoperative complication. Recently, a pro- 
spective, double-masked, randomized study with an 
emphasis on visual acuity measurement was reported.°® 
Results of this study suggest that anti-inflammatory 
therapy may be of value in restoring vision in some 
patients with chronic CME. Although results of this study 
await confirmation, they offer a reason for greater opti- 
mism for the medical therapy of chronic CME. Further- 
more, these results suggest that angiograms are useful in 
diagnosing CME, although angiograms do not necessarily 
provide an accurate or sensitive indication of visual change 
in patients with CME. 

Finally, I am confused by Dr Jampol’s recommendation 
that, “in general, patients with CME of less than six 
months’ duration probably should not be treated unless the 
eye is inflamed.” Both studies discussed in his editorial?" 
included groups of patients who were treated with cortico- 
steroids for the entire six months following surgery. 
Although the authors do not mention their intent in using 
such lengthy postoperative corticosteroid treatment, it is 
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likely that these studies were designed to determine the 
effect of primary posterior capsulotomy on a postoperative 
regimen that was empirically determined over years of 
observation to provide the smallest possibility for unneces- 
sary postoperative inflammation and, possibly, CME. 
While this provides us with only an impression and not 
proof that such a regimen is desirable, we should not 
ignore this important decision made by such careful inves- 
tigators. In any case, both studies referred to** provide 
results and conclusions that at best may reflect what 
might occur in a comparable population of surgical 
patients. It seems clear that a major factor in ensuring 
comparability is the use of corticosteroids. 

In summary, there seems to be no evidence from either 
study discussed or from a review of the literature‘ to 
suggest that treating or not treating patients with CME of 
less than six months’ duration is beneficial, harmful, or 
without effect. We simply do not know what to do if CME is 
present or if it persists. 

ALLAN J. FLACH, MD 
San Francisco 


1. Jampol LM: Cystoid macular edema following cataract surgery. Arch 
Ophthalmol 1988;106:894-895. 

2. Kraff MC, Sanders DR, Jampol LM, et al: Effect of primary capsulot- 
omy with extracapsular surgery on the incidence of pseudophakic cystoid 
macular edema. Am J Ophthalmol 1984;98:166-170. 

3. Wright PL, Wilkinson CP, Balyeat HD, et al: Angiographic cystoid 
macular edema after posterior chamber lens implantation. Arch Ophthal- 
mol 1988;106:740-744. 

4. Jampol LM: Pharmacologic therapy of aphakic and pseudophakic 
cystoid macular edema: 1985 update. Ophthalmology 1985;92:807-810. 

5. Yannuzzi LA: A perspective on the treatment of aphakic cystoid 
macular edema. Surv Ophthalmol 1984;28:540-553. 

6. Flach AJ, Dolan BJ, Irvine AR: Effectiveness of ketorolac trometh- 
amine 0.5% ophthalmic solution for chronic aphakic and pseudophakic 
cystoid macular edema. Am J Ophthalmol 1987;103:479-486. 


In Reply.—Dr Flach suggests that my estimate of 10000 
new unhappy patients per year (1% of cases) with chronie, 
visually significant postcataract CME may be an underesti- 
mate because the two studies reviewed employed postopera- 
tive topical corticosteroid therapy.'* While it is possible 
that routine postoperative use of corticosteroids decreases 
the incidence of persistent aphakic or pseudophakic CME, 
we have no definite evidence to support this hypothesis, in 
regard to either angiographic or visually significant CME.*“ 
However, virtually all cataract surgeons in the United 
States do indeed use a postoperative topical corticosteroid. 
Many patients are given topical corticosteroids indefinitely. 
Thus, an estimated rate of persistent, visually significant 
CME of approximately 1% to 2% seems appropriate. 

Dr Flach’s next point is that the severity of the angio- 
graphic CME may not correlate with the patient’s visual 
acuity. In their recently reported study, with small num- 
bers of patients, Flach et al’ reported recovery of visual 
acuity in some patients without corresponding changes in 
the angiographic pattern. A recent publication® has sug- 
gested that macular thickening is more important than the 
area of leakage seen on angiography; this logical hypothe- 
sis is also consistent with experience in patients with other 
causes of macular edema, such as branch vein occlusion 
and diabetic retinopathy. In my personal experience, based 
on reading large numbers of angiograms obtained from 
patients after cataract surgery, mild perifoveal leakage is 
often asymptomatic while more severe leakage involving a 
larger area is usually visually significant. It is certainly 
true that an exact one-to-one correlation cannot be 
obtained. I have also found that, in general, changes on the 
angiogram do correlate with changes in visual acuity. The 
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study by Flach and colleagues’ demonstrating that a 
nonsteroidal anti-inflammatory drug appeared to be of 
therapeutic value for postcataract CME is an important 
one, which awaits confirmation by a larger series. 

Dr Flach’s last point is that my recommendation that, in 
general, patients with postcataract CME of less than six 
months’ duration with uninflamed eyes probably should 
not be treated is not supported by present knowledge. In 
previous reviews** I have pointed out the absence of studies 
demonstrating a sustained therapeutic benefit of either 
corticosteroids or nonsteroidal agents. As mentioned 
above, Dr Flach and colleagues” study is an exception that 
requires confirmation. In an eye with intraocular inflam- 
mation, the use of anti-inflammatory drugs makes good 
sense to me. In an uninflamed eye, the value of a steroidal 
or nonsteroidal drug is not clear and, in my opinion, 
requires a randomized trial to demonstrate benefit. Most 
of these patients will recover with or without therapy. 

LEE M. JAMPOL, MD 
Chicago 
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Shortened Recovery From Keratoplasty and 
Epikeratoplasty 


To the Editor.—I found the study by Steinert and Wagon- 
er' in the April 1988 ARCHIVES to be of interest, and have a 
few comments in regard to the difference between obtain- 
ing useful vision in the penetrating keratoplasty group and 
in the epikeratoplasty group. Based on some of the prelim- 
inary findings from our own work with epikeratoplasty 
and keratoconus with so-called wet epis, we believe that 
the difference in time between the two groups until clear 
vision is obtained will be narrowed considerably by aban- 
donment of the use of presurgically prepared freeze-dried 
lenticles. Our experience has shown that the fresh tissue 
laid in a circular keratotomy bed without the circumferen- 
tial keratectomy produces a much quicker return of vision 
with fewer instances of postoperative astigmatism due to 
uneven suture tension. The actual results, of course, await 
the completion of the study, but the preliminary indica- 
tions are that this is indeed the case. 

LEO D. Bores, MD 

Scottsdale, Ariz 


1. Steinert RF, Wagoner MD: Long-term comparison of epikeratoplasty 
and penetrating keratoplasty for keratoconus. Arch Ophthalmol 1988; 
106:493-496. 


In Reply.—The reasons for prolonged visual recovery in 
epikeratoplasty compared with penetrating keratoplasty 
for keratoconus are multifactorial and not well understood 
currently. Sutures must be retained for at least three 
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months, and commonly four or five months, after the 
epikeratoplasty procedure. The sutures must be tight and, 
accordingly, high degrees of irregular astigmatism can be 
expected until suture removal is complete. After that time, 
it is attractive to hypothesize that the ongoing slow 
improvement in acuity corresponds to the slow repopula- 
tion of the lenticular stroma by the patient’s keratocytes 
migrating from the periphery. Other simultaneous vari- 
ables include healing of the annular keratectomy wound, 
partial relaxation of the compressed underlying host cor- 
nea, and remodeling of the surface epithelium. Although 
all of our patients were young adults with otherwise 
healthy eyes, there was considerable variance in the 
rapidity of visual recovery, with one patient achieving a 
visual acuity of 20/30 by the third postoperative month. 
Variability in the donor tissue and its response to lyophi- 
lization may well be important. 

Dr Bores’ preliminary findings are interesting, as they 
indicate that lyophilization may play a major role in 
prolonged visual recovery, independent of the freezing 
necessary for lathing the lenticule. We look forward to 
data from Dr Bores and the several other groups investi- 
gating these issues. 

ROGER F. STEINERT, MD 
MICHAEL D. WAGONER, MD 
Boston 


Correlation of Asymmetric Damage With 
Asymmetric Intraocular Pressure in 
Normal-Tension Glaucoma (Low-Tension Glaucoma) 


To the Editor.—Cartwright and Anderson,' in the July 
1988 issue of the ARCHIVES, reported higher intraocular 
pressure (IOP) in the eye with greater visual damage in 12 
of 14 cases of normal-tension glaucoma. They concluded 
that this “constitutes evidence that the IOP participates in 
the production of damage.” I do not believe that this 
conclusion is supported by this study. 

The methods used by the authors clearly demonstrate 
the association of increased IOP with glaucoma damage. 
(One could argue whether a difference of 1 mm Hg, the 
demonstrated difference in five of 12 cases, is clinically 
significant, but the point made by the authors is that the 
higher IOP was present in the eye with more damage.) An 
observed association as in this study does not constitute 
the establishment of cause and effect as the authors imply. 
The reason for the association between increased IOP and 
glaucoma damage both in “normal-tension” and “high- 
tension” glaucoma remains unknown—it is possible that 
increased IOP causes optic nerve damage, as is commonly 
believed, but I am not aware of a study that conclusively 
establishes this. It is equally possible that increased IOP 
and optic nerve damage occur simultaneously, independent 
manifestations of a disorder affecting laminar collagen as 
well as the outflow channels. I have heard this theory 
proposed by Allen Kolker (Washington University, St 
Louis, oral communication, Merck Sharp & Dohme Glauco- 
ma Symposium, La Costa, Calif, December 1986), but I 
have not seen much in the literature to date. 

Obviously, more research is required to determine the 
role, if any, of IOP in the production of glaucoma damage. 
Many studies, this one included, clearly demonstrate that 
eyes with glaucoma damage have increased IOP. Certainly 
such studies deserve publication, but one must be careful 
not to draw false conclusions, such as cause and effect, 
from statistical associations. 

CDR NEIL T. CHOPLIN, MC, USN 
San Diego 
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The opinions contained herein are those of the author and are not to be 
considered official opinions of the Department of the Navy or of the 
Department of Defense. 


1. Cartwright MJ, Anderson DR: Correlation of asymmetric damage with 
asymmetric intraocular pressure in normal-tension glaucoma (low-tension 
glaucoma). Arch Ophthalmol 1988;106:898-900. 


In Reply.—Dr Choplin is, of course, exactly right. When we 
find statistical correlation between severity of damage and 
height of IOP, we cannot conclude (but can only suspect) 
cause-and-effect relationships. Most of us would be willing 
to discard intuitively the possibility that damage to the 
nerve would cause elevation of IOP, and so we are left with 
two alternatives: that a higher pressure participates in the 
process of optic nerve damage or that both optic nerve 
damage and higher pressure have resulted from some 
common basis. Dr Choplin, for example, cites an old theory 
of glaucoma, recently resurrected with regard to low- 
tension glaucoma, that perhaps a change in the blood 
vessels or collagen occurs both in the trabecular meshwork 
and in the lamina cribrosa, thereby accounting for simul- 
taneous appearance of nerve damage and a rise in IOP. 

Nearly all of us presently believe that IOP is a causative 
factor in nerve damage in chronic glaucoma, based on the 
observation of glaucomatous cupping in secondary glauco- 
ma, the production of glaucomatous damage by experimen- 
tally induced pressure elevation in animals, and the thera- 
peutic benefit shown on lowering an elevated IOP. Thus, 
_we have come to accept that optic nerve damage is a 
pressure-induced damage in ordinary chronic glaucoma. 
Acknowledging that there is variation in degree of sensi- 
tivity of the optic nerve to any given level of IOP, including 
some nerves that deteriorate with pressures in the low 20s 
(a common pressure level in ordinary glaucoma), we can 
well suspect that there are individuals with nerves sensi- 
tive to pressure in the high teens. If so, such individuals 
would be diagnosed as having low-tension glaucoma but 
would in fact have ordinary open angle glaucoma in which 
the individual’s optic nerve is simply overly sensitive to 
damage from pressure. If this is the case, our finding (a 
correlation between level of pressure and degree of dam- 
age) would be predicted. The finding of a predicted corre- 
lation adds weight to the plausibility of the suspected 
relationship. 

To be sure, such inductive reasoning does not have the 
rigor of drawing conclusions from pure deduction. Howev- 
er, there is value in the scientific method of testing a 
theory by observing whether a prediction of the theory is 
true. If the prediction is untrue, it disproves the theory. 
The more often predictions are true, the more plausible the 
theory becomes. This inductive approach has to suffice 
until there is evidence on which deductive reason can be 
used. This could be in the form of a clinical trial, as 
mentioned in the “Comment” section of our article. A 
demonstration that a lowering of IOP halts progressive 
visual loss would serve not only to demonstrate the effica- 
cy of such therapy but also to demonstrate that pressure 
was part of the causative mechanism of damage to the 
nerve in the first place. We await this further evidence. 

DouGLas R. ANDERSON, MD 
Mont CARTWRIGHT, MD 
Miami 


Choroidal Folds in Posterior Scleritis 
To the Editor.—In their article, published in the Septem- 
ber 1988 issue of the ARCHIVES, Atta and Byrne! state that 
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“hypermetropia is a frequent cause of choroidal folds.” 
They further state that “choroidal folds may be produced 
by any of the following mechanisms: (1) scleral shortening 
as in primary hypermetropia; (2) choroidal thickening as 
in scleritis, trauma, or hypotony; and (3) enlargement of 
various retrobulbar orbital structures, such as the optic 
nerve, the extraocular muscles, or Tenon’s space.” 

In our study’ published in May 1986, we reported one- to 
seven-year follow-up of 12 eyes in nine patients diagnosed 
to have posterior scleritis. A-scan and B-sean ocular 
echography demonstrated extensive choroidal and scleral 
thickening with associated edema of Tenon’s space and of 
the optic nerve sheath, and all the involved eyes had 
choroidal folds present and had acquired hyperopia. Obser- 
vations presented by Atta and Byrne! are very similar to 
the ones we reported in patients with posterior scleritis. 

Our belief is that hyperopia is not primary but is 
secondary to choroidal thickening and that the basic cause 
is posterior scleritis in these cases rather than idiopathic 
scleral shortening. Posterior scleritis is often misdiag- 
nosed and is underdiagnosed. We have also suggested that 
long-term corticosteroid treatment for patients with pos- 
terior scleritis be avoided? and that an aggressive search 
for undetected systemic disease be undertaken. 

GURINDER SINGH, MD 
Los Angeles 


1. Atta HR, Byrne SF: The findings of standardized echography for 
choroidal folds. Arch Ophthalmol 1988;106:1234-1241. 

2. Singh G, Guthoff R, Foster CS: Observations on long-term follow-up of 
posterior scleritis. Am J Ophthalmol 1986;101:570-575. 


In Reply.—We thank Dr Singh for his comments. We agree 
that posterior scleritis is often underdiagnosed and misdi- 
agnosed and that ultrasonography is often the only means 
of achieving consistently accurate diagnoses. We do not 
agree, however, with his assertion that posterior scleritis 
was the cause of choroidal folds in the eight patients in our 
hypermetropic group. 

The most common clinical features of posterior scleritis 
are pain, decreased vision, and ocular inflammation.' 
While we acknowledge that some patients may present 
without some (or any) of these signs and symptoms, they 
usually have a history of pain and redness that may have 
been treated with topical corticosteroids.2 None of our 
eight hypermetropic patients had pain or signs of inflam- 
mation nor did they have any relevant history. Further- 
more, none of our patients showed the characteristic 
ultrasonographic findings of scleritis, which include thick- 
ening of the choroid and sclera, and edema in Tenon’s 
space.” 

The criteria used for diagnosing posterior scleritis in Dr 
Singh’s article were unclear. Only contact B-scan echogra- 
phy was employed and only one case was histologically 
proved. Figure 3 of his article purportedly shows B-scan 
evidence of posterior scleritis that disappears with follow- 
up. However, this is not shown since the two echograms 
were taken at markedly varied sensitivity settings and, 
therefore, cannot be compared. 

We feel confident of our findings, which we obtained 
with standardized echography, ie, contact B-scan and 
standardized A-scan instrumentation. This method reli- 
ably detected thickening of the ocular coats, edema in 
Tenon’s space, and changes in the retrobulbar space (in- 
cluding distention of the optic nerve sheaths) when any of 
these were present. 

HATEM R. ATTA, MD 
SANDRA FRAZIER BYRNE 
Miami 
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Lid Retraction Therapy With a Guanethidine Solution 


To the Editor.—Regarding the article on lid retraction by 
Gonnering' in the August 1988 issue of the ARCHIVES, I 
noticed that the author has treated his patients with 
levator recession, a surgical procedure. I think it would be 
worth trying therapy with 5% guanethidine monosulfate 
(Ismelin) in such patients. I prepare it in my laboratory in 
a 5% or 10% solution. 

HESKEL M. HADDAD, MD 

New York 


1. Gonnering RS: Pseudoretraction of the eyelid in thyroid-associated 
orbitopathy. Arch Ophthalmol 1988;106:1078-1080. 


In Reply.—While I thank Dr Haddad for pointing out the 
possible use of guanethidine monosulfate in the treatment 
of lid retraction, I believe certain aspects of its use need 
review. 

In 1964, Dorian and Schirmer' reported that topically 
applied guanethidine monosulfate produced a sympatho- 
lytic Horner’s syndrome. In 1966, Gay and Wolkstein,’ and 
Sneddon and Turner,’ recommended the instillation of a 
10% solution of guanethidine monosulfate for the treat- 
ment of lid retraction in thyroid-associated orbitopathy. 
Crombie and Lawson‘ reported a reduction of palpebral 
fissure height by over 20% in nine of 20 patients treated 
for a mean duration of 16 weeks. However, they noticed a 
disturbing side effect of punctate epithelial keratopathy in 
50% of patients and recommended reducing the concentra- 
tion to 5%. 

Topical guanethidine, particularly when combined with 
epinephrine, has also been noted to be a potentially useful 
agent in the treatment of glaucoma. Hoyng and Verbey’ 
reported, however, that 50% of their patients experienced 
conjunctival hyperemia and 15% developed punctate epi- 
thelial keratopathy when a 3% guanethidine monosulfate 
solution combined with 0.5% epinephrine was used. 

Furthermore, the possibility of patients developing cica- 
tricial conjunctivitis has resulted in the voluntary with- 
drawal of a 5% guanethidine monosulfate/1.0% epineph- 
rine solution from the British market. 

The potential benefits of using guanethidine in lid 
retraction must be balanced against the potential risk. 
Guanethidine in lid retraction is not approved in the 
United States, and close monitoring of patients treated 
thusly would seem imperative. 

RUSSELL S. GONNERING, MD 
Milwaukee 
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Glaucoma in Barbados 


To the Editor.—In their editorial published in the June 
1988 issue of the ARCHIVES, Cowan et al! pointed out the 
increased risk of visual loss from open angle glaucoma 
among the black population and stated the need for 
well-designed epidemiologic studies to identify prevalence 
and risk factors for the disease. They suggested that the 
relatively isolated island populations of the Caribbean 
provide a unique opportunity to study glaucoma in blacks, 
as well as the impact of ethnicity and environment on the 
disease. We are writing to report on the Barbados Eye 
Study, sponsored by the National Eye Institute, Bethesda, 
Md, which is addressing the issues discussed by Cowan 
et al. 

In September 1986, a pilot project was initiated to 
evaluate the feasibility of the Barbados Eye Study, a 
population-based epidemiologic study of glaucoma and 
other major eye diseases in Barbados.’ Results of the pilot 
project confirmed a high glaucoma prevalence in this 
predominantly black population with 13% of persons over 
age 54 years having high intraocular pressures and optic 
nerve damage. Three fourths of these cases were newly 
detected during the pilot project. 

Funding for the Barbados Eye Study began in the fall of 
1987. The study will examine 4000 randomly selected 
adults to measure glaucoma prevalence in Barbados and to 
define those subgroups of the population that are at 
highest risk. It provides the unique opportunity of identi- 
fying a population-based sample of persons with definite 
and suspect glaucoma, which represents the entire spec- 
trum of the disease, from early through advanced stages. 
The patients will be followed up to monitor the outcome of 
treatment and to document disease progression in this 
population. 

The study will also investigate age-related cataract, 
age-related macular degeneration, and diabetic retinopa- 
thy for which epidemiologic data are limited or nonexis- 
tent for black populations. Practically no data are avail- 
able for cataract prevalence and risk factors in blacks, but 
a higher prevalence in blacks than in whites in the United 
States has been reported.’ Clinical studies in Africa have 
found a low frequency of maculopathy, but a somewhat 
higher prevalence has been reported for blacks than whites 
in the United States. High prevalence of diabetic retinop- 
athy and of diabetic retinopathy blindness in blacks has 
been reported. In sum, existing data suggest differences in 
the prevalence of cataract and retinal diseases in blacks 
and whites but an absence of risk factor data. Such data 
will be obtained in the Barbados Eye Study, thus filling an 
important gap in our knowledge. 

We agree with Cowan et al that, without specific knowl- 
edge of glaucoma in blacks, the high incidence of blindness 
at an early age will continue. By identifying risk factors 
for glaucoma and other eye diseases in Barbados, we hope 
our efforts and those of other studies may help provide the 
information needed to control visual loss in black popula- 
tions. 

M. CRISTINA LESKE, MD, MPH 
H. TAD TROUTMAN, PHD 
Stony Brook, NY 


ANTHEA CONNELL, MB, CHB, FRCS, DO 
Bridgetown, Barbados 
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Case Reports 





Death Associated With Acute, 
Multifocal, Placoid Pigment 
Epitheliopathy 


To the Editor.—We would like to 
report a second case of death associ- 
ated with acute, multifocal, placoid 
pigment epitheliopathy,' as previously 
reported by Wilson et al.’ 





Report of a Case.—A 25-year-old woman, 
who was six months post partum, pre- 
sented with a headache of two weeks’ 
duration and bilateral visual loss of one 
week’s duration. 

Her initial visual acuity was counting 
fingers at 3 ft bilaterally. Patches of 
cream-colored lesions at the choroidal level 
were present in the posterior and midperi- 
pheral fundi of both eyes (Fig 1). A fluores- 
cein angiogram showed patches of early 
hypofluorescence and late staining at the 
choroidal level but no overlying retinal 
vasculitis. An initial medical evaluation 
showed no evidence of collagen vascular 
disease. The chest roentgenogram and 
sinus films were normal. The antinuclear 
antibody and rheumatoid factor titers 
were normal. The erythrocyte sedimenta- 





tion rate was elevated to 95 mm/h. A 
regimen of 40 mg/d of oral prednisone was 
administered. The erythrocyte sedimenta- 
tion rate was normal after three days. 
Over a two-week period, the patient’s 
visual acuity improved to 20/400 OU and 
the headaches resolved. The initial cream- 
colored lesions showed retinal pigmentary 
hyperplasia and depigmentation compati- 
ble with the resolution phase of acute, 
multifocal, placoid pigment epitheliopathy 
(Fig 2). The prednisone dosage was slowly 
tapered to 40 mg/d, and then to 20 mg/d. 
At three weeks, acute hemiplegia devel- 
oped. A computed tomographic scan 
showed diffuse cerebral infarction of the 
anterior and middle cerebral arteries. A 
lumbar puncture was not performed 


because the patient presented with cere- 





Fig 1.—Left, Initial fundus photograph. Note patches of cream-colored lesions at choroidal level. Right, 
Initial fluorescein angiogram. Note patchy hypofluorescence and hyperfluorescence at choroidal level. 





Fig 2.—Left, Fundus photograph after two weeks. Note retinal pigmentary hyperplasia and depigmentation 
compatible with resolution phase of acute, multifocal, placoid pigment epitheliopathy. Right, Fluorescein 
angiogram at two weeks. 


170 Arch Ophthalmol—Vol 107, February 1989 


Case Reports 





bral herniation. Results of coagulation 
studies were normal. The patient pro- 
ceeded to cerebral herniation and death 
within 48 hours. The relatives refused an 
autopsy. 


Comment.—In addition to the excel- 
lent review of the literature by Wilson 
et al,? we would like to note a review 
article by Calabrese et al’ that reports 
a high mortality rate for a disease 
they term “primary angiitis of the 
central nervous system.” 

This disease seems to be identical to 
isolated cerebral angiitis or vasculitis. 
In their article, Calabrese and Mallek’? 
report a 95% mortality with no treat- 
ment, a 46% mortality with oral ste- 
roid therapy alone, and an 8% mortal- 
ity with combined steroid and cyto- 
toxic therapy. They recommend an 
aggressive diagnostic workup that 
includes cerebral angiography or a 
brain biopsy if cerebral angiography 
is not diagnostic of vasculitis. 

Acute, multifocal, placoid pigment 
epitheliopathy may be the presenting 
symptom of primary angiitis of the 
central nervous system. In these 
patients, aggressive evaluation and 
treatment should be considered. 

MARK E. HAMMER, MD 
W. SANDERSON GRIZZARD, MD 
Tampa, Fla 


DANIEL TRAVIES, MD 
Lakeland, Fla 


1. Hammer M, Grizzard W: Fatal AMPPE. 
Read before the Semiannual Meeting of the 
American Uveitis Society, Sarasota, Fla, May 1, 
1988. 

2. Wilson C, Choromokos E, Sheppard R: 
Acute posterior multifocal placoid pigment epi- 
theliopathy and cerebral vasculitis. Arch Oph- 
thalmol 1988;106:796-800. 

3. Calabrese L, Mallek J: Primary angiitis of 
the central nervous system. Medicine 1987;67:20- 
39. 


Ligation of an Arteriovenous 
Malformation With 
the Heifetz Clamp 


To the Editor.—We ligated an arterio- 
venous malformation of the orbit 
using a Heifetz aneurysm clamp and 
found the technique to have several 
advantages. 


Report of a Case.—A 60-year-old woman 
complained of headaches for one year. She 
noted intermittent “shooting pains” in the 
left eye. During this period she also noticed 
gradually progressive proptosis of the left 
eye. 

On examination, near vision measured 
J1 OU with a +2.00 addition. Her left upper 
and lower eyelids appeared full, with dilat- 
ed superficial veins and episcleral venous 
congestion. Pulsations were palpable 
through the left upper eyelid. Hertel 
exophthalmometry readings were 12 OD 
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and 19 OS. By applanation tonometry, 
intraocular pressures were 12 mm Hg OD 
and 26 mm Hg OS. Results of slit-lamp and 
fundus examinations were unremarkable. 

Cerebral arteriography disclosed a large 
arteriovenous (AV) malformation of the 
left orbit. The pattern of dye filling was 
most consistent with a dural AV shunt 
from cavernous meningeal branches of the 
left carotid artery, as well as from the left 
middle meningeal artery to the left cavern- 
ous sinus. 

On the basis of the patient’s localized 
symptoms and lesion, the attending sur- 
geon (A.H.) chose to ligate the left orbital 
AV malformation. After supratarsal injec- 
tion of 2% lidocaine hydrochloride with 
epinephrine, an upper eyelid crease inci- 
sion was made. Dissection through the 
orbicularis and orbital septum revealed an 
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Fig 1.—Orbital arteriovenous malformation 
(arrow). 





Fig 2.— Jaws of Heifetz clamp encircling piece 
of cotton. It similarly clamped neck of arterio- 
venous malformation depicted in Fig 1. 





AV malformation located in the superior 
orbit, anterior to the orbital rim, that 
measured 2.0 X 2.5 cm (Fig 1). A Heifetz 
clamp was then positioned; its jaws incor- 
porated the major proximal and distal 
ends of the malformation. Once the clamp 
was tightened, a sharp decrease in the 
blood flow occurred instantaneously. The 
clamp was allowed to rest against the 
superior aspect of the levator aponeurosis, 
and the skin was closed with interrupted 
6-0 silk sutures. 

Postoperatively, the patient was free of 
pain. Her visual acuity remained un- 
changed. Left eyelid and episcleral venous 
congestion was dramatically reduced. The 
proptosis resolved. The intraocular pres- 
sure was 12 mm Hg OU. Five years after 
surgery the patient remained asymptom- 
atic; results of an examination were 
unchanged. The patient has never reported 
any awareness of the clamp in the anterior 
orbit. 


Comment.—In asymptomatic pa- 
tients or patients at risk for vascular 
rupture, excision of an AV malforma- 
tion is advised. Since the risk of an 
exsanguinating hemorrhage is high, 
attempts have been made to reduce 
the flow through the shunt before 
extirpation via preoperative emboli- 
zation of feeder vessels using 
materials such as 2-isobutyleyano- 
acrylate.2 However, 2-isobutylcyano- 
acrylate can be difficult to control, its 
final destination is often somewhat 
unpredictable, and the long-term 
effects of this material in vivo are 
unknown. 

To avoid the morbidity associated 
with embolization and surgical exci- 
sion, a Heifetz aneurysm clip (Fig 2) 
was used to reduce the AV malforma- 
tion by clamping off its feeder ves- 
sels. 

This clamp is a pivot clip.’ It pro- 
vides a permanent occluding force and 
is relatively resistant to corrosion. 

In our patient, application of this 
neurosurgical technique resulted in a 
satisfying resolution of this symptom- 
atic lesion, with none of the morbidity 
associated with other methods of sur- 
gical extirpation. It can, therefore, be 
considered as a useful technical 
adjunct in the treatment of orbital 
AV malformation. | 

NEIL D. Gross, MD 
ALBERT HORNBLASS, MD 
New York 


1. Wolter JR: Arteriovenous fistulae involving 
the eye region. J Pediatr Ophthalmol 1975;12:22- 
39. 

2. Vintners HV, Debrun G, Kaufmann JCE, 
et al: Pathology of arteriovenous malformations 
embolized with isobotyl-2-cyanoacrylate (bucry- 
late): Report of two cases. J Neurosurg 
1981;55:819-825. 

3. Tew JM Jr, Steiger HJ: Neurosurgery. New 
York, McGraw-Hill International Book Co, 1985, 
pp 1372-1375. 
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“The way I see it, 


I control every cataract surgery I perform 
by expecting the unexpected. 


But when it happens, 
the procedure takes longer. 


I sweat a little more. 


My heart beats a little faster: 
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D Opthalmologist 


CHP, a leader in physician managed 
prepaid health care, is looking for a 
full-time, board certified/board 
eligible opthalmologist to join our 
multi-specialty staff at the Latham 
Health Center, just north of Albany, 
NY. We are a twelve-year-old, well- 
established, financially stable HMO 
which emphasizes high quality, 
cost-effective health care. We offer a 
competitive salary and a complete 
benefit package including 
malpractice, health, life and 
disability insurance, a fully vested 
pension plan and generous vacation 
and CME time. For more 
information please contact: 
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evening or weekend hours. All 
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ment supplied by the group. 
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Richard A. Brown, M.D. 
280 W. MacArthur Blvd. 
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AMA’s Adoption of RBRVS Contingent on Modifications 


DALLAS—The American Medical Association (AMA) 
cautiously endorsed the Resource-Based Relative Value 
Scale (RBRVS) Study—pending modification—at its inter- 
im meeting in Dallas on Dec 4-7, 1988. In approving Board 
of Trustees Report OO, the AMA indicated that the study 
by William Hsiao, PhD, et al would provide “an acceptable 


_ basis” for a Medicare indemnity payment system, but 


recommended a full evaluation of the study before any 
implementation decision is made. 7 

The motion to approve passed by voice vote, with no 
dissenting votes cast. The AMA’s adoption of the contro- 
versial study came after a full day’s discussion before the 
Reference Committee and private discussions with mem- 
bers of several specialty societies unhappy with the 
RBRVS. 

Among the AMA’s list of recommendations were: 

e Support of a transition period between the current 
Medicare physician payment system and any system 
involving payment schedules. 

e Support of an adoption of a fair and equitable Medi- 
care indemnity payment schedule under which physicians 
would determine their own fees and Medicare would 
establish its payments for physician services using (1) an 
appropriate Relative Value Scale (RVS) based on the 
resource costs of providing physician services, (2) appro- 
priate monetary conversion factors, and (3) an appropriate 
set of conversion factor multipliers. 

e That the AMA work with the Hsiao group, the nation- 
al medical specialty societies, the Physicians’ Payment 
Review Commission (PPRC), the Health Care Financing 
Administration (HCFA), other interested and knowledge- 
able parties, and the Congress to refine and modify the 
RBRVS. Refinement and completion of the study will 
require (1) an appropriate restudy of the services of 
specialties whose RBRVS have significant, documented 
technical deficiencies; (2) expansion of the RBRVS to more 
specialties and services; and (3) expansion and validation 
of the extrapolation methodology. 

e That the AMA reaffirm its opposition to the continu- 
ation of the Medicare maximum allowable actual charge 
(MAAC) limits. 

e That the Medicare indemnity payment system reflect 
valid and demonstrable geographic differences in practice 
costs. 

e Strong opposition to any attempt to use the initial 
implementation or subsequent use of any new Medicare 
payment system to freeze or cut Medicare expenditures for 
physician services to produce federal budget savings. 

e Strong opposition to implementation of Medicare 
expenditure targets, and instead support constructive 
approaches enhancing quality and appropriateness of 
care. 

e Whatever process is selected to update the RBRVS, 
only the AMA has the resources, experience, and umbrella 
structure necessary to represent the collective interests of 


Michael D. Springer, 
Section Editor 
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medicine, and that it seek to do so with appropriate 
mechanisms for full participation from all of organized 
medicine, especially taking advantage of the unique contri- 
butions of national medical specialty societies. 

AMA Executive Vice President James H. Sammons, MD, 
reiterated the Association’s support of the Hsiao study and 
commented that “the Association has achieved a sense of 
unity it rarely sees on payment issues and that will 
strengthen the profession’s hand in the ensuing debate.” 

“If this wagon can be fixed, then we’ll get on board. But 
if it doesn’t get fixed, we’ll get off the wagon and. go 
directly to Congress, the Health Care Financing Adminis- 
tration, and the Physician Payment Review Commission,” 
Sammons said. 

The study has been extremely controversial since its 
release in October.’ There has been strong reaction to its 
projections that for some surgical specialties, such as 
ophthalmology, Medicare fees could be cut by about 40% 
while payments to primary care specialties could be 
increased by up to 65%. 

Robert D. Reinecke, MD, president-elect of the Ameri- 
can Academy of Ophthalmology (AAO), said that “there is 
probably some justification in looking at the way physi- 
cians are reimbursed. However, the Hsiao study has so 
many errors in it that certainly it is premature to put 
anything like that in place for all of medicine, particularly 
in respect to ophthalmology and thoracic surgery. 

Dr Reinecke believes the study was flawed for several 
reasons, among them an incomplete database. “The dead- 
line perhaps was too demanding and they had to extrapo- 
late data rather than getting complete data. Ophthalmolo- 
gy responses apparently were very poor. Why that was, we 
don’t know. Perhaps it was a sampling error.” 

“They used 1983 data, which is totally erroneous for 
today’s costs,” Reinecke said. “In the last five years or so, 
things have changed too much, and I think that may be 
because Hsiao was in Massachusetts, a state that has 
unbundled surgical fees. Perhaps this led to his not 
including pre- and post-services for things such as cataract 
surgery. I don’t know why he didn’t put those in, but that’s 
puzzling since most of the time ophthalmologists bill a 
global fee which includes follow-up visits for about three 
months after surgery and often as many as six to ten 
visits.” 

Despite flaws and discrepancies in the Hsiao study, M. 
Roy Schwarz, MD, AMA assistant executive vice president, 
sees the implementation of an RVS as inevitable. “There 
will be a change in physician reimbursement,” he stated. 
By endorsing a modified form of the Harvard RBRVS, the 
AMA delegates may be acknowledging the inevitable while 
giving the AMA and the specialty societies a major voice in 
future implementation. 


JULIE FOREMAN 


1. Hsiao WC, Brown P, Kelly NL, et al: Results, potential effects, and 
implementation issues of the Resource-Based Relative Value Scale. JAMA 
1988;260:2429-2438. 
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Book Reviews 


Edited by Daniel M. Albert, MD 


Pathology of the Eye, by G. O. H. 
Naumann, translated by D. J. Apple, 998 
pp with illus, New York, Springer-Verlag 
NY Inc, 1986, $235. 


Publication of the German edition 
of Naumann’s Pathology of the Eye 
was greeted with impressive critical 
acclaim in Europe. The English edi- 
tion, translated by David J. Apple, 
makes this work available to English- 
speaking ophthalmologists and pa- 
thologists. This book has the added 
advantage over the original 1980 Ger- 
man edition of having been extensive- 
ly updated and having had the addi- 
tion of numerous current references. 
The book consists of 17 chapters, each 
of which Professor Naumann is either 
sole author, senior author, or co- 
author of. This no doubt contributes 
to the consistency of style that char- 
acterizes this work. In reading this 


_. book, the reader is easily able to for- 


get that it is a translation, a tribute to 
the language and editorial skills of Dr 
Apple, who also contributed to the 
authorship of five of the chapters. 


“...a worthy successor to the 
three-volume work of Henke and 
Lubarsch.. .” 





Professor Blodi states in his fore- 
word that the book has a twofold 
purpose: to be a source of instruction 
for ophthalmologists and pathologists 
and to serve as a reference book for 
any type of investigation concerned 
with ocular pathology. With regard to 
the latter claim, one cannot quibble. 
As Naumann and Apple intended, this 
book is a worthy successor to the 
classic three-volume work of Henke 
and Lubarsch that was published in 
1928. The book contains a wealth of 
information and the reader is directed 
to further sources of discussion on 
virtually any topic as a result of the 
more than 5000 citations included. 
While the book is indeed a valuable 
source of instruction for ophthalmolo- 
gists and pathologists, it is not an 
appropriate primer for beginners in 
ophthalmology or pathology; Apple’s 
own pathology text would serve this 
purpose much better. 

An outstanding feature of the book 
is the quality of the photomicro- 


graphs, and both the authors and pub- 
lishers are to be commended. The use 
of color schematic drawings, the judi- 
cious inclusion of electron microscopic 
pictures, and the appearance of some 
stunning color photomicrographs en- 
hance the effectiveness of this work. 

The organization of the book is 
mainly along anatomical lines inter- 
spersed with more general headings 
such as malformation and anomalies 
of the eye, intraocular inflammations, 
the eye and systemic disease, and 
morphology of drug-induced ocular 
changes. In most places the discus- 
sions of each individual entity are 
brief and to the point, with the bulk of 
the book resulting from the numerous 
topics covered. Organization of the 
massive number of references follow- 
ing each chapter according to sub- 
headings would be more useful than 
the present alphabetical listing of the 
references without distinction as spe- 
cific topics. The authors are indeed 
knowledgeable and competent but 
show greater expertise in some areas 
than others, eg, the section on heredi- 
ty and retinoblastoma is excessively 
brief and the lack of reference to 
Knudsen’s work is surprising. The 
publishers might also give thought to 
offering this book as a two-volume 
work. 

Overall, this is an outstanding oph- 
thalmic pathology text that merits 
serious consideration by both oph- 
thalmologists and pathologists seek- 
ing a well-written, comprehensive ref- 
erence work on this subject. 

DANIEL M. ALBERT, MD 
Boston 


The New Medical Marketplace: A 
Physician’s Guide to the Health Care 
Revolution, by Anne Stoline and Jona- 
than P. Weiner, 210 pp, Baltimore, The 
Johns Hopkins University Press, 1988, 
$12.95. 


The beginning sections of this book 
provide a comprehensive, interesting, 
and concise historical background of 
the practice of 20th-century medicine. 
The first section chronicles medical 
practice from the turn of the century 
through the 60s and early 70s. Within 
this section, considerable detail is 
devoted to describing the significant 
changes in the health care provision 
system, which were brought about by 
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the creation of Medicare and Medicaid 
in 1965, and the implementation of the 
Hill-Burton Act in 1947. This section 
may be particularly enlightening for 
younger practitioners whose aware- 
ness of health care in the United 
States developed during the last 20 
years. 


“Physicians...have yet to 
grasp the issues from the consum- 
ers’ and payers’ perspectives...” 


The second section provides an 
analysis of the more recently imposed 
balancing act of “care, cost, and con- 
science” forcing its way into the pro- 
vision system, as Medicare and Medic- 
aid funding has diminished during 
this decade, and health maintenance 
organizations have begun to alter the 
traditional objectives upon which the 
current provision methodology is 
based. The focus is placed on the phy- 
sician’s dilemma of determining how 
much care is appropriate to ensure the 
most reasonably positive outcome giv- 
en a particular patient’s disease, the 
marginal utility of additional diag- 
nostic or therapeutic procedures, the 
defensibility of a physician’s decisions 
in a potentially litigious situation, and 
the generation of expenses for ser- 
vices for which there may be no reim- 
bursement. 

The authors become somewhat rhe- 
torical where they discuss malpractice 
litigation, access issues, and the 
future of health care. This is probably 
due to the fact that for the past sever- 
al years, providers have been respond- 
ing and reacting to the moving targets 
of diagnosis related groups and their 
close cousin, the prospective payment 
system, to utilization review, and to 
capitation, to name but a few, leaving 
providers with many more questions 
than answers. By omission, the 
authors identify one significant vacu- 
um in the resolution process. Physi- 
cians, knowledgeable as they are 
about their profession, have yet to 
grasp the issues from the consumers’ 
and payers’ perspectives as compre- 
hensively as will be necessary to calm 
this dilemma of balancing “care, cost, 
and conscience.” 

A. JOSEPH CASTELLANA, MBA 
Boston 
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Editorial 


Automated Perimetry 


How Do We Interpret the Results? 


he advent of automated perimetry has had a 

major impact on the care of patients with glau- 
coma. These instruments have made perimetry 
readily available and accessible to the majority of 
such patients. As recently as the mid-1970s it was 
uncommon for patients who were referred to glauco- 
ma specialists to present with good quantitative 
visual fields from the referring ophthalmologist’s 





See also pp 199 and 204. 





office; today it is the rule. No longer does the 
ophthalmologist have to personally plot the visual 
field because of the unavailability of trained, compe- 
tent perimetrists. Now an office nurse, ophthalmic 
assistant, or occasionally even a secretary can be 
trained relatively quickly to operate the automated 
instruments. 

Patient acceptance of the instruments has been 
adequate although not enthusiastic. In several com- 
parison studies, experienced patients preferred the 
manual techniques of assessing visual fields vs the 
new automated ones.'? Because the majority of 
patients are new to perimetry and have no basis for 
comparison, however, this has not been a major 
problem. They are able to complete the test, main- 
tain fixation, and keep their false-positive and false- 
negative response rates at an acceptable level. 

Perimetry has two basic goals. The first of these is 
detection of abnormalities in the visual field. The 
automated perimeters have proved to be both quick 
and effective in this task. The various suprathresh- 
old screening programs are able to detect most 
significant field defects in an eye during a three- 
to five-minute examination.2 When quantitative 
threshold programs are used, most experts believe 
that the automated perimeters are superior to the 
manual techniques in detecting early visual field 
defects.‘ 

The second goal of perimetry is to quantify any 
visual field defect detected, ie, to determine the 
defect’s area and depth. For early and moderate 
defects, the automated perimeters are clearly equal 
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to the task. Moreover, the numeric threshold values 
obtained for each test location allow very precise 
comparisons of serial field examination results to 
assess whether there has been any change over time. 
In eyes with very advanced field loss, the automated 
perimeters are less valuable since there may be only 
a handful of test locations where there is still any 
response to the test stimuli. This greatly limits the 
ability to detect any change in the field and is very 
discouraging to the patient who is only able to 
respond to as few as one stimulus presentation of 
50.° 

While the detection programs are quick, the quan- 
titative programs are much more time-consuming. 
Determination of a quantitative central (30°) visual 
field on a Humphrey (Allergan, San Seandro, Calif) 
or OCTOPUS (Interzeag AG, Schlieren, Switzerland) 
perimeter will take an average of about 15 minutes. 
Therefore, to test both eyes and to print out the 
results require about 40 to 45 minutes per patient. If 
the ophthalmologist wishes to test the peripheral 
field as well, an additional 20 to 30 minutes must be 
allocated. This is considerably longer than the aver- 
age time to plot Goldmann fields manually. 

There is no question that automated techniques 
for measuring visual fields are more precise than 
manual kinetic ones. The ability to obtain numeric 
values for each test location has opened a variety of 
new avenues for data analysis and comparison. 
Interestingly, one of the first benefits of this preci- 
sion has been an increased awareness of the variabil- 
ity of perimetric results inherent in the testing 
process, independent of any disease process. The 
three separate elements that contribute to this vari- 
ability are: (1) patient, factors, such as pupil size, 
refractive error, degree of concentration, and clarity 
of media; (2) testing factors, such as the size and 
intensity of the stimulus, the interval between suc- 
cessive stimuli (eg, 2 dB or 4 dB), and the number of 
reversals for a decision; and (3) psychophysical fac- 
tors, such as the state of light adaptation, receptor 
fatigue, and the width of the zone of uncertainty. 
Thus, the differentiation of normality from abnor- 
mality is far from a trivial task. 
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This issue of the ARCHIVES contains the results of 
extensive work by Heijl and coworkers™ to help in 
the task. They have extensively studied a group of 
patients, determined the variability at each test 
location in the visual field, and shown that some 
areas are more likely to have greater variability than 
others. They have quantified this variability in prob- 
abilistic terms and have assigned empiric probability 
values to the fluctuations at each point. Thus, a 5-dB 
variation from normal at one location may be statis- 
tically significant while at another it is not. The use 
of these values should enhance the clinician’s ability 
to determine whether changes detected in a visual 
field represent normal variation or a glaucomatous 
defect. 

Once a visual field has been determined to be 
abnormal, the next question is whether it is stable or 
changing. All of the problems that were mentioned 
concerning whether or not a field is normal are now 
compounded by the addition of the potential for 
changes in the eye. Has the refractive error changed? 
Is the pupil the same size? Have there been changes 
in the clarity of the lens? Analysis algorithms have 
been designed that attempt to consider some of these 
factors. For example, the pattern deviation analysis 
of the STATPAC program on the Humphrey field 
analyzer attempts to detect a reduction in the con- 
tour of the hill of vision that might be caused by 
media opacities and to differentiate that from local- 
ized deepening of a scotoma due to progression of 
glaucoma. Unfortunately, glaucoma can cause gener- 
alized depression of the hill of vision as well as focal 
defects, so there are still times when the ophthalmol- 
ogist will be left in a quandary as to whether or not 
the change noted between successive fields is due to 
glaucoma. 

Moreover, all apparent change is not real. Over the 
past five years, I have reviewed all of the automated 
visual fields that have been performed on the 270 
patients in the Glaucoma Laser Trabeculoplasty 
Study. These patients had baseline visual fields 
determined using an OCTOPUS perimeter, which 
was repeated every six months. I have been struck by 
the considerable interexamination variability that 
some of these patients exhibit. On one examination, a 
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field will appear to have substantially worsened (so 
much so that before this experience I would have 
immediately recommended increased therapy, even 
if it meant filtering surgery); yet six months later 
the field can appear virtually unchanged from the 
field of a year earlier. I have learned that one should 
almost never base a therapeutic decision on a single 
visual field change. The determination must be 
repeated and the change shown to be reproducible. 
Automated perimetry has clearly proved to be a 
beneficial contribution to ophthalmology in general 
and glaucoma management in particular. It has 
greatly increased the availability of perimetry in the 
ophthalmologist’s office and improved the quality of 
the fields plotted. But the perimeters and their 
associated computers still cannot diagnose glaucoma 
and cannot always determine whether an eye is 
getting worse. The most important computer is still 
the one in the ophthalmologist’s head. 
JACOB T. WILENSKY, MD 
Chicago 


This work was supported in part by training grant 7038 and core 
grant 1792 from the National Eye Institute, Bethesda, Md, and by 
an unrestricted research grant from Research to Prevent Blind- 
ness Inc, New York. 

The author has no proprietary interest in any automated 
perimeters or any companies manufacturing such perimeters. 
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Special Article 


The Hsiao (Resource-Based Relative 


f one were asked to describe the essence of the 

Hsiao study,!” the Resource-Based Relative Value 

Scale (RBRVS), in 200 words or less, the text would 
read like the following: 


There must be a system by which physicians can be 
logically compensated based on the resources they expend 
or have invested in the services and procedures (S&Ps) 
they provide. Beginning with a core of 25 S&Ps for any 
medical specialty, it should be possible for a tiny group of 
these specialists to rank the S&Ps from the most difficult 
to the easiest, using a psychometric process known as 
magnitude estimation.! Next, their ranking can be tested 
by polling 150 randomly selected, widely scattered col- 
leagues from the same specialty. If the ranking is con- 
firmed for one specialty, the method should apply to all 
specialties. Hence, it should be possible to cross-link at 
least five S&Ps in one specialty with a similar number in 
another specialty. In this way, the S&Ps of a large number 
of specialties would form a latticework that could then be 
collapsed into one large scale or ladder. Having accom- 
plished this with a small number of S&Ps, the scale could 
then be projected or extrapolated to many more S&Ps 
within the specialties. 


TECHNICAL CONSULTING GROUPS 


The process began in July 1986. The Hsiao group 
from Harvard’s School of Public Health, Cambridge, 
Mass, had been selected by a partnership consisting 
of the Health Care Financing Administration and 
the American Medical Association after the former 
threatened the latter with either capitation or diag- 
nosis related groups as a method for physician 
compensation under Medicare. The charge was to 
create a new, logical method for physician compensa- 
tion. The researchers asked all of the large physician 
organizations to submit a list of nominees to serve as 
members of technical consulting groups (TCGs) to 
represent that specialty. From the American Acade- 
my of Ophthalmology list, George E. Garcia, MD, of 
Boston and I were selected; from the American 
Society of Cataract and Refractive Surgeons list, 
Stephen A. Obstbaum, MD, of New York, and J. 
Elliott Blaydes, MD, of Bluefield, WVa were chosen. 

During the first meeting, the four of us were 
collectively given the following task: list 25 S&Ps 
that you think your average colleague does day in 
and day out. Refrain from the “far out” or difficult 
procedures and pick office as well as hospital S&Ps. 
Next, we were asked to select a median service or 
procedure, give it an arbitrary number, and rank the 
other 24 S&Ps above or below it. 

From this list of 25 S&Ps, 23 vignettes were 
created by the Hsiao group and used as the basis for 
the national telephone survey. Table 1 shows our 
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Value Scale) Study 


Experiences, Impressions, and Objections 


ranking of these vignettes. A ten-page booklet of 177 
questions about these vignettes was sent in advance 
to 150 randomly selected ophthalmologists. Table 2 
describes the profile of those surveyed. Contacts 
were made at times designated as convenient periods 
by the responders. The response rate for ophthalmol- 
ogy was 62%. The overall response rate for the other 
17 specialties was 62.5%. The national survey dem- 
onstrated that the “work estimates” given by our 
TCG correlated very closely with the 93 ophthalmol- 
ogists who responded (reliability rating, 0.997).” 


CROSS-LINKS BETWEEN SPECIALTIES 


The next step was that of establishing cross-links 
between specialties, utilizing the vignettes that had 
been used in the survey. The Hsiao group called back 
one or two representatives from each TCG to negoti- 
ate these links. I was chosen for ophthalmology. 

The method used was as follows: knowing the work 
values of all of the vignettes in every specialty, the 
researchers would select a vignette from two, three, 
and sometimes four specialties and ask us about 
these being possible matches. Following are two 
examples that were matches: 

1. Ophthalmology: Secondary lens implant, with- 

out vitrectomy. 

Urology: Fulguration and resection of a medi- 
um-sized bladder tumor, 2 to 5 cm in a 65- 
year-old male patient. 

2. Ophthalmology: Fluorescein angiography for 
diabetic retinopathy, injection of dye and inter- 
pretation in one eye. 

Radiology: Performance and interpretation of 
venography, unilateral complete procedure, for 
possible lower-extremity deep-vein thrombosis. 

Lists of possible vignette groupings were sent to 
representatives before each meeting. Typically, ten 
to 16 TCG representatives, Drs Hsiao and Peter 
Braun, coprincipal investigators, and four to six of 
their PhD staff and two to three MD staffers would 
all meet together. As each proposed grouping arrived 
at the table, the TCG representatives involved were 
asked to give their opinions and reasons for them. 
The composition of the assembled group was meant 
to prevent any unreasonable claims made by a TCG 
representative for his specialty. 

Approximately half of the matches proprosed for 
ophthalmology with other specialties were not 
acceptable to me. Following are two examples that I 
would not accept as valid matches: 

1. Ophthalmology: Penetrating keratoplasty, cata- 

ract extraction, and intraocular lens implanta- 
tion, combined procedure. 
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Table 1.—Ophthalmology Services and Procedures Selected 
and Ranked by the Technical Consulting Group 










Procedure 

1. Penetrating keratoplasty, extracapsular cataract extraction, and 
implantation of intraocular lens, combined procedures. 

2. Scleral buckling procedure without vitrectomy, primary. 

3. Extracapsular cataract extraction with implantation of intraocular lens. 

4. Panretinal photocoagulation, total treatment, one eye, single or 
divided sessions. 

5. Lid surgery, two-lid blepharoplasty, both upper lids. 

6. Glaucoma filtering procedure, primary trabeculotomy. 

7 

8 












. Secondary lens implantation, without vitrectomy. 
. Comitant strabismus surgery, primary, two muscles total, one or both 
eyes, child. 
9. Refractive surgery, radial keratotomy. 

10. Fluorescein angiography for diabetic retinopathy: injection of dye and 
interpretation of study, one eye. 

11. Excision of 0.5-cm basal cell carcinoma on outer third of lower lid. 

12. Single chalazion procedure, excision, left upper lid. 

13. Contact lens evaluation and fitting, including comprehensive eye 
examination and keratometry, Schirmer’s test, trial lens fit, and 
overrefraction. 

14. Consultation, extensive evaluation for complex ophthalmological 
problem including complete eye examination, dilated funduscopic 
examination, gonioscopy, and visual field test when indicated. 

15. Diagnostic ultrasound of eye with interpretation; B-mode, possible 
retinal detachment. 

16. Comprehensive eye examination, adult patient with no specific 
complaints, including history, vision test with Snellen chart. 

17. Intraocular lens calculation including A-mode biometry and 
keratometry. 

18. Endothelial cell count, preoperative cataract surgery. 

19. Follow-up examination, established patient including visual acuity 
determination, slit-lamp examination, tonometry, and brief fundus 
examination. 

20. Office evaluation of purulent bacterial conjunctivitis with a one- to 
two-day history of redness and discharge in a 16-year-old female 
established patient. 

21. Interpretation of formal visual field test for neurological purposes in an 

adult patient. 

. Interpretation of color fundus photographs. 

























Urology: Percutaneous nephrostolithotomy, one 
stage, 2-cm stone or smaller. 

2. Ophthalmology: Office evaluation for possible 
purulent bacterial conjunctivitis with a one- to 
two-day history of redness and discharge in a 
16-year-old female established patient. 

This same situation applied to internal medi- 
cine, family practice, and pediatrics. 

Because the Hsiao researchers found it difficult to 
find matches between ophthalmology and other spe- 
cialties, it was necessary for me to take part in three 
separate meetings in Boston. 


GIANT STEPS TAKEN BY THE HSIAO GROUP 


Between February and October 1988, two big 
events occurred without any TCG contribution what- 
soever: assignment of Physicians’ Current Procedur- 
al Terminology, ed 4 (CPT-4),? to vignettes, and an 
attempt at extrapolation. To my knowledge, these 
two steps were performed without consultation with 
a physician. The importance of this ommission, if 
true, will become apparent. 

A review of the study’s final report shows that 
CPT-4 code 90630 (page 747), “Complex consulta- 
tion,” for ten specialties has an RBRVS value rang- 
ing from 177 to 550. Why a 310% spread? The 
answer: some specialties did not record a consulta- 
tion as a consultation but described a vignette 
instead. When these vignettes were rated by the 
national survey (before CPT-4 codes were applied), 
they received high values. Subsequently, when the 
Hsiao group tried to find a home for CPT-4 code 
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Table 2.—Criteria Used for Selecting Physicians for Survey 


. Performs patient care more than 20 hours a week. 

. Out of residency training and not a full-time federal employee. 

. Under the age of 65 years. 

. Did not have to be member of the American Medical Association. 
. Widespread regional distribution. 





aAhWONM — 












Table 3.—Range of Resource-Based Relative Value Scale 
(RBRVS) Values for the Same CPT 4* Code, 90630, ‘Complex 
Consultation,’ for Five Representative Specialties 












RBRVS 


Specialty Vignette Value 


Rheumatology In-hospital consultation with 35-year-old 
female patient with fever, swelling of joints, 
and rash. 


Evaluation of a 24-year-old man charged with 371 
killing a shopkeeper with regard to 

competence to stand trial. You will be a 

court witness. 


Court-requested evaluation of a male juvenile 371 
who attempted to rape a 71-year-old 

woman. Recommendations for placement 

and treatment. 



















Psychiatry 















Psychiatry 










Orthopedics Initial evaluation and treatment plan for a 
35-year-old man with complex pelvic 


fracture. 










Ophthalmology Consultation, extensive evaluation for a 
complex ophthalmological problem. 





* CPT indicates assignment of Physicians Current Procedure Terminology, ed 4. 


90630 in these various specialties, they picked a 
vignette that sounded like a complex consultation. 
Table 3 lists five examples. 

Note that the rheumatology and orthopedic con- 
sultations were in-hospital and the psychiatric ones 
involved the courts. It is no surprise that the survey 
gave them a 220% to 310% higher rating! If the 
Hsiao study is accepted, every time one of these 
specialists uses 90630 to bill a procedure, they will be 
charging two to three times more than an ophthal- 
mologist using the same CPT-4 code. 

The intraspecialty extrapolation process is even 
worse. For example, a reoperation on a retinal 
detachment is worth 33% less than a primary proce- 
dure, and a cataract extraction from the side or from 
below in an eye with a fistulizing bleb is worth 18% 
less than an extraction on a “virgin” eye. 

In addition, every procedure in ophthalmology, 
except one (vitrectomy), is extrapolated below our 
top procedure: penetrating keratoplasty, extracapsu- 
lar cataract extraction with implantation of intra- 
ocular lens, combined procedure. 

Before you become too depressed, realize that it is 
precisely these major flaws that organized ophthal- 
mology will use to convince The Physician Payment 
Review Commission and committees on Capitol Hill 
that the Hsiao study, perhaps sound in theory, is 
extremely errant in application. 

WAYNE E. Func, MD 
San Francisco 


1. Hsiao WC, Braun P, Yntema D, et al: Estimating physicians’ 
work for a resource-based relative-value scale. N Engl J Med 
1988;319:835-841. 

2. Hsiao SC, Yntema DB, Braun P, et al: Measurement and 
analysis of intraservice work. JAMA 1988;260:2361-2370. 

3. Physicians’ Current Procedural Terminology, ed 4. Chicago, 
American Medical Association, 1986. 
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Clinical Sciences 


Acute Macular Neuroretinopathy 


and Multiple Evanescent White Dot Syndrome 


Occurring in the Same Patients 


J. Donald M. Gass, MD, Latif M. Hamed, MD 


èe A young woman developed acute 
macular neuroretinopathy in one eye and 
five years later developed the multiple 
evanescent white dot syndrome in the 
same eye. Another young woman devel- 
oped unilateral multiple evanescent white 
dot syndrome and central macular lesions 
typical of acute macular neuroretinopathy 
that appeared soon after the peripheral 
macular and juxtapapillary white lesions 
resolved. The findings in these two 
patients suggest that these two relatively 
rare syndromes may have pathogenetic 
and etiologic features in common. 

(Arch Ophthalmol 1989; 107:189-193) 


cute macular neuroretinopathy 
(AMN)! and multiple evanescent 
white dot syndrome (MEWDS)** are 
two infrequently encountered syn- 
dromes of unknown cause. Both are 
self-limited disorders characterized 
by the acute onset of multiple central 
and paracentral scotomas in one or 
both eyes in healthy young women 
often following a virallike illness. 
This article concerns two young 
women—one who developed monocu- 
lar AMN and five years later devel- 
oped MEWDS in the same eye and 
another who had MEWDS who devel- 
oped central macular lesions typical 
of AMN soon after resolution of the 
multiple peripheral white spots. Evi- 
dence is presented that these syn- 
dromes may be pathogenetically and 
etiologically related. Fundus photo- 
graphs of case 1, taken when the 
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patient had AMN, have been previous- 
ly published.‘ 


REPORT OF CASES 


Case 1.—On Jan 31, 1982, an apparently 
healthy 22-year-old woman noted multiple 
foci of photopsia and scotomas in the cen- 
tral visual field of the left eye. Her medical 
history disclosed that she had had endome- 
triosis. She was taking oral contraceptives. 
Her family history was notable for diabe- 
tes. Stereoscopic fundus photographs tak- 
en six days after the onset of symptoms 
revealed multiple, variable-sized, round 
and oval, red-orange lesions at the level of 
the outer retina in the central macular 
area of the left eye (Fig 1, left). The right 
fundus was normal. Fluorescein angiogra- 
phy in both eyes gave normal results 
except for several small areas of hyper- 
fluorescence in the peripheral macular 
region of the left eye (Fig 1, right). The 
patient was treated over a two-week period 
with oral prednisone in doses decreasing 
from 80 to 20 mg/d. 

When the patient was examined at the 
Bascom Palmer Eye Institute, Miami, on 
Feb 16, 1982, corrected visual acuity was 
20/15 OD and 20/30 OS. Multiple round 
paracentral negative scotomas were evi- 
dent on testing the left eye with the Ams- 
ler grid. No anterior chamber or vitreal 
inflammatory cells were seen in either eye. 
The red-orange paracentral lesions in the 
left macula had faded slightly. The symp- 
toms gradually improved, and by May 3, 
1983, visual acuity and fundus examination 
results were normal. 

The patient continued intermittently to 
be aware of paracentral scotomas for sev- 
eral years. She had no further visual symp- 
toms until Jan 26, 1987, when she returned 
with a four-day history of photopsia, mul- 
tiple paracentral scotomas, and progres- 
sive loss of visual acuity in the left eye. The 
symptoms were similar to but more severe 
than those noted five years previously. On 
this occasion, the symptoms started sever- 
al days after an upper respiratory tract 
infection, which she had had for six weeks. 


Her visual acuity was 20/20 OD and 20/80 
OS. Amsler-grid testing of the left eye 
revealed multiple round scotomas nasally 
and a large negative scotoma involving 
most of the temporal half of the grid. A 
few cells were present in the anterior 
chamber and vitreous of the left eye. 
Applanation tensions were 14 mm Hg 
bilaterally. Funduscopic examination of 
the left eye showed scattered small, round, 
white lesions at the level of the retinal 
pigment epithelium (RPE) in the peripher- 
al macular and nasal juxtapapillary areas 
(Fig 2, top left). Fine granularity of the 
RPE was in the foveal area. There was 
slight swelling of the left optic disc in 
addition to a narrow rim of peripapillary 
pigmentary changes that had been present 
five years previously. Fluorescein angiog- 
raphy of the left eye revealed multiple 
areas of early punctate fluorescence with 
late staining in the macular and juxtapap- 
illary areas, as well as staining of the optic 
nerve head (Fig 2, top right, bottom left, 
and bottom right). Angiograms of the 
right eye were normal. Electroretino- 
graphic rod and cone responses were 
depressed in the left eye. 

By Feb 2, 1987, her visual acuity 
improved to 20/40. The white spots had 
resolved, but the enlarged blind spot per- 
sisted. No vitreous cells were present. On 
March 11, 1987, her acuity had improved to 
20/20—3. The blind spot enlargement was 
smaller, and an afferent pupillary defect 
was still demonstrable. On July 6, 1987, her 
pupils were normal. The enlarged blind 
spot was still evident. On retroillumination 
with the slit lamp, a faint, widespread 
irregular reticular pattern of change was 
noted in the RPE in the macula and juxta- 
papillary areas of the left eye. She re- 
turned on Aug 7, 1988, complaining of 
persistence of the temporal scotoma and 
photopsia. Her visual acuity was 20/20 OU. 
The blind spot was still enlarged (Fig 3). 
The faintly visible biomicroscopic RPE 
changes in the left eye were unchanged. 
Electroretinography revealed persistence 
of the depressed rod and cone amplitudes 
in the left eye. 
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Fig 1.—Case 1, left eye. Left, Feb 5, 1982. Note multiple outer retinal lesions (arrows) that were reddish. Right, 
angiogram shows no abnormalities corresponding with lesions. 





Fig 2.—Case 1, left eye, Jan 26, 1987. Top left, Multiple evanescent white dot syndrome. Note widely scattered white 
spots (arrows) in peripapillary and peripheral macular areas. Optic disc margins are blurred. Top right, bottom left, and 
bottom right, Angiograms show multiple clusters of punctate spots of hyperfluorescence (arrows) in peripheral macular 
and juxtapapillary areas. Note staining of optic nerve head. 
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Case 2.—On Jan 30, 1988, a 30-year-old 
woman experienced blurred vision, a large 
temporal scotoma, and “shimmering 
lights” emanating from the scotoma in the 
left eye. A week later, ophthalmologic 
examination by her local physician docu- 
mented visual acuities of 20/20 OD and 
20/80 OS. Pupillary testing and slit-lamp 
examination results were unremarkable, 
and applanation tension was 10 mm Hg 
OU. Fundus examination revealed mild 
myopic disc changes and normal retinal 
vessels bilaterally. The left fundus showed 
small, multiple white spot lesions located 
at the level of the RPE and clustered 
around the disc and retinal vascular ar- 
cades. Ill-defined changes were noted, sug- 
gesting either an early macular hole or 


== epiretinal membrane in the central macu- 


a 





lar area. Fluorescein angiography in the 
left eye revealed multiple punctate early 
hyperfluorescent spots, some of which 
were arranged in clusters, scattered in the 
juxtapapillary and peripheral macular 
areas. Mild punctate staining was seen in 
the latter phases. Magnetic resonance 
imaging scans of the brain and orbits were 
normal. A three-week course of oral pred- 
nisone was given without change in the 
temporal visual field defect or photopsia. 
When the patient was examined at the 
Bascom Palmer Eye Institute on Feb 25, 
1988, her symptoms had not changed. 
Visual acuity was 20/20 and near visual 
acuity was J1 OU. Fourteen of 14 Ishihara 
pseudoisochromatic plates were identified 
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in each eye. The pupils were 5.0 mm each, 
briskly reactive to light, and without affer- 
ent defect. A brightness comparison 
showed no abnormalities,’ and photostress 
recovery times® were normal in both eyes. 
Slit-lamp examination results were unre- 
markable, and no vitreal cells were noted. 
Goldmann visual field of the right eye was 
normal: the field of the left eye showed a 
greatly enlarged blind spot and multiple 
paracentral scotomas. 

In the central macular area of the left 
eye, there were multiple small red-orange 
lesions at the level of the RPE (Fig 4, top 
left). Mild atrophic changes in the pigment 
epithelium were present at the temporal 
margin of the left optic disc. The retinal 
vasculature was normal bilaterally. White 
spots were not present on this examina- 
tion. A full-field electroretinogram re- 
vealed slightly depressed a-wave and b- 
wave amplitudes in the left eye. Orbital 
and optic nerve standardized echography 
results were normal. Fluorescein angiogra- 
phy revealed subtle punctate RPE window 
defects in the left macula and circumpapil- 
lary areas (Fig 4, top right). Complete 
blood cell counts, serum glucose determi- 
nations, a rapid plasma reagent study, a 
fluorescent treponemal antibody absorp- 
tion test, an antinuclear antibody determi- 
nation, and an erythrocyte sedimentation 
rate determination gave normal results. 
On March 25, 1988, the focal macular 
lesions were less prominent (Fig 4, bottom 
left). When the patient was seen last on 


faded. 


April 28, 1988, her symptoms were 
unchanged. Her visual acuity was 20/25 
OS. Visual field examination showed par- 
tial resolution of the blind spot enlarge- 
ment. The red-orange patches in the left 
macula were faintly visible. Subtle mottled 
changes in the pigment epithelium were 
evident biomicroscopically in the juxta- 
papillary area. 


Comment.—The observation by the 
local physician of multiple white sub- 
retinal lesions that disappeared over a 





Fig 3.—Case 1, visual field of left eye, Aug 7, 
1988. 


Fig 4.—Case 2, left eye, Feb 25, 1988. Top left, Note multiple central 
lesions (arrows) that were reddish. Top right, Angiogram shows multiple 
punctate areas of hyperfluorescence in macula and nasal to optic disc 
(arrowheads). Bottom left, March 25, 1988, focal lesions have partly 
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course of 20 days before our examina- 
tion, the marked enlargement of the 
blind spot, the multifocal areas of 
subtle but definite punctate hyper- 
fluorescence in the peripapillary and 
peripheral macular areas, and the 
subnormal electroretinographic find- 
ings were interpreted as evidence of 
MEWDS in patient 2, who had para- 
central macular lesions and scotomas 
typical of AMN. Although the white 
spots and loss of visual acuity were 
evanescent in both patients, both have 
experienced persistence of a large 
blind spot. 


COMMENT 


The findings in these two patients 
suggest the possibility that AMN and 
MEWDS may be pathogenetically and 
etiologically related. They also lend 
further support to our recent sugges- 
tion™ that MEWDS is a common 
cause of the acute idiopathic blind 
spot enlargement syndrome.’ Tables 1 
and 2 compare the cardinal features of 
AMN and MEWDS cases reported to 
date,'*!°2) as well as cases of these 
disorders seen at the Bascom Palmer 
Eye Institute. While the similarities 
of AMN and MEWDS in regard to 
prodromata, sex, age, symptoms, and 
level of involvement of the retina are 
striking, the size, shape, color, and 
distribution of the focal lesions are 
quite different. The lesions of AMN 
are typically red-orange or red-brown, 
wedge-shaped, petaloid, oval or round, 
and are confined to the central macu- 
lar area. They may be mistaken for 
subretinal blood.'* The lesions of 
MEWDS are typically one fourth to 
one third the disc diameter, round, 
gray or white spots, scattered in the 
peripheral macular and peripapillary 
areas, often extending beyond the 
major vascular arcades. They have 
not been observed in the central mac- 
ular area. A characteristic finding 
often present in the foveolar area is 
the presence of multiple tiny orange 
punctate spots at the level of the RPE. 
The RPE  biomicroscopically and 
angiographically appears unaffected 
in AMN but is altered in a character- 
istic way in MEWDS. Although only 
subtle biomicroscopic changes of the 
RPE are evident between the white 
lesions in MEWDS, angiography dem- 
onstrates an unusual and characteris- 
tic pattern of early punctuate hyper- 
fluorescence often in a wreathlike or 
ring configuration and late staining in 
the areas of the white spots and in 
many areas between and beyond these 
lesions. These angiographic changes 
indicate an alteration in the light- 
filtering effect of the RPE, as well as 





Feature 


Unilateral involvement, 


No. (%) 9 (45) 
Photopsia, No. (%) 4 (20) 
Enlarged blind spot, 

No. (%) O (0) 


Antecedent virallike 


illness, No. (%) 13 (65) 








Table 1.—Comparison of Clinical Features of Acute Macular Neuroretinopathy (AMN), 
Multiple Evanescent White Dot Syndrome (MEWDS), and 
Acute Idiopathic Blind Spot Enlargement (AIBSE) Syndrome 


AMN, 
20 Cases*: 10-16 


Mean patient age, y 27 26 31 
Females, No. (%) 18 (90) 27 (75) 5 (70) 














AIBSE 
Syndrome, 


MEWDS, 
36 Cases?:3,17-23 7 Cases? 










28 (80) 7 (100) 
4 (10) 6 (85) 
5 (15) 7 (100) 
9 (25) O (0) 








Table 2.—Comparison of Clinical Features of Acute Macular Neuroretinopathy (AMN) and 
Multiple Evanescent White Dot Syndrome (MEWDS) 


in Patients Seen at the Bascom Palmer Eye Institute, Miami 





Feature 
Mean patient age, y 
Females, No. (%) 
Unilateral involvement, No. (%) 
Photopsia, No. (%) 


AMN, 6 Cases 
(1972-1982) 


MEWDS, 7 Cases 
(1982-1988) 


25 24 
6 (100) 7 (100) 
5 (85) 7 (100) 


3 (50) 6 (85) 


Enlarged blind spot, No. (%) 1 (15) 6 (85) 
Antecedent virallike illness, No. (%) 2 (33) 3 (45) 


its permeability to fluorescein. They 
are often most prominent in the area 
around the optic disc, which also typi- 
cally shows evidence of staining. 
These changes may persist for some 
weeks after the white lesions have 
faded. The time course of the white 
spots in MEWDS is short, usually 
lasting three weeks or less, whereas 
the lesions in AMN usually fade over a 
period of several months. Angiograms 
in AMN are usually described as nor- 
mal, but in some cases they show 
slight hypofluorescence in the area of 
the lesions. Abnormal electroretino- 
graphic and electro-oculographic po- 
tentials have been observed in approx- 
imately 75% of eyes with MEWDS 
and in none of the few eyes with AMN 
tested. The incidence of antecedent 
viral illness and bilateral involvement 
seems to be more frequent in AMN 
than in MEWDS. 

The reported time course of symp- 
toms is significantly shorter in 
patients with MEWDS. They are usu- 
ally asymptomatic within one to two 
months, whereas patients with AMN 
may be symptomatic for many 
months and, occasionally, a year or 
longer. Recurrences in 10% of 
patients with MEWDS'”"* and in no 
patients with AMN have been noted. 

An antecedent virallike illness has 
occurred in 65% of patients with 
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AMN. In three patients with bilateral 
AMN, two suffered from an acute 
visual loss immediately following an 
intravenous injection of radiographic 
contrast media," and the third patient 
had an acute visual loss following the 
injection of oxytocin and epinephrine 
for postpartum uterine bleeding.‘ 
Examination of one of these patients 
within 24 hours showed mild swelling 
and graying of the macula." Typical 
wedge-shaped, red-orange lesions be- 
came evident three weeks later. To our 
knowledge, this observation of an 
antecedent gray lesion has not been 
made in other patients with AMN, 
and it suggests that the pathogenesis 
of the red-orange lesions occurring 
after intravenous injections may be 
different from those developing in 
patients after a virallike illness. The 
cause of the red-orange lesions in 
AMN is uncertain. Sieving et al’ sug- 
gested that they are related to a focal 
depression of the inner retina caused 
by focal receptor cell damage. A simi- 
lar reddish color accompanies focal 
thinning of the retina in patients with 
small foveolar facets seen after sun 
gazing, which are presumably due to 
focal areas of loss of the receptor 
elements, and in patients with inner 
lamellar macular holes. 

The reported findings in these two 
syndromes have generally paralleled 
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our experience at the Bascom Palmer 
Eye Institute (Table 2). Photopsia 
expressed as “flickering lights,” “clus- 
ters of flickering lights,” or shimmer- 
ing lights located in scotomatous 
areas have been a prominent feature 
in both syndromes in Miami, whereas 
it has been reported only occasionally 
in the literature. In six of the seven 
patients seen here with MEWDS, a 
large temporal scotoma involving the 
blind spot has been a prominent com- 
plaint, in addition to multiple other 
paracentral scotomas.’ Blind spot 
enlargement has been noted in four 
previous reports of MEWDS.**!”” 


=~ Fletcher et al’ have recently reported 


an acute idiopathic blind spot enlarge- 
ment (AIBSE) syndrome in prepon- 
derantly healthy women who present 
because of photopsia and a temporal 
scotoma in one eye in the absence of 
funduscopic changes. While Fletcher 
et al reported fluorescein angiograms 
to be normal, the angiograms of the 
two patients illustrated in their 
report seem to show early mottled 
hyperfluorescence in the peripapillary 
area typical of MEWDS. We believe 
that most patients with AIBSE repre- 
sent a subset of patients with 
MEWDS. Because their central macu- 
la is uninvolved, they are more likely 
to seek care later, at which time the 
evanescent white spots and vitreous 
cells are likely to have resolved. The 
mild mottled changes in the RPE in 
the juxtapapillary and peripheral 
macular areas that are apparent only 
biomicroscopically and angiographi- 
cally are easily overlooked and may 
persist for many weeks or months. 
Although the symptoms and objective 
findings in most reported cases of 
MEWDS have resolved within ten 
weeks, they have persisted for at least 
three and 19 months in both patients 
included in this report. 

Acute macular neuroretinopathy 
seems to be a localized disorder affect- 
ing only the macular area, whereas 
MEWDS is a more diffuse disease. 
Acute macular neuroretinopathy 
seems to involve the outer retina, but 
not the RPE; MEWDS affects both. 
Both are presumed to be of inflamma- 
tory origin, and yet inflammatory 
cells have been noted in the ocular 
media in only half of the patients with 
MEWDS and in none of the patients 
with AMN. Since both disorders occur 
mainly in healthy young females 
often soon after a virallike illness, 
there is reason to suspect that both 
may be caused by a self-limited viral 
infection that causes temporary dam- 
age primarily to the retinal receptor 
cells. The findings in our two patients 
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suggest the possibility that either the 
same or a closely related virus may be 
responsible for both disorders. The 
literature and the experience at the 
Bascom Palmer Eye Institute provide 
some evidence that the incidence of 
AMN has declined, while the inci- 
dence of MEWDS seems to be increas- 
ing. The first patient described with 
AMN presented with the disorder in 
April 1971 in Holland’; the last case 
was in Belgium in December 1983." 
Most of the intervening cases were 
reported from the United States. The 
first case of AMN in Miami occurred 
in July 1972, and the last case (case 1 
of this report) occurred in February 
1982. The first patient with MEWDS 
recorded in the literature presented to 
her local ophthalmologist in Septem- 
ber 1977, and the most recent patient 
was seen in May 1985.'* The disease 
has been recognized in China, Japan, 
and the United States. The first case 
of MEWDS in Miami was detected in 
June 1984, and the last case occurred 
in May 1988. All seven of the reported 
cases of AIBSE syndrome occurred 
within two years before January 1988. 
Thus, concurrent with the decline in 
reported cases of AMN has been the 
recognition of and increase in the 
number of reported cases of MEWDS 
and, more recently, AIBSE syndrome. 
Currently, it is impossible to deter- 
mine whether this apparent change in 
incidence of the two disorders is real 
or only a product of the more recent 
awareness of MEWDS. A recent 
review at our institution of photo- 
graphic studies and records of 
patients coded over the years as atyp- 
ical acute posterior multifocal placoid 
pigment epitheliopathy has failed to 
uncover any cases of MEWDS before 
1984. Thus, the authors believe that 
MEWDS is a new disorder. Also, there 
has been no noticeable change at this 
institution in the incidence of acute 
posterior multifocal placoid pigment 
epitheliopathy, a disorder preceded by 
a virallike illness in approximately 
one third of patients, since it was first 
described in 1968. 

The fact that AMN and MEWDS 
affect preponderantly healthy young 
women, many of whom are taking 
birth control pills, suggests that their 
hormonal status may be an important 
predisposing factor. 

While a recurrence has not been 
reported in patients with AMN, it has 
been noted in three patients with 
MEWDS and in two patients with 
AIBSE syndrome. To our knowledge, 
the two patients described herein 
were the first patients to have evi- 
dence of both AMN and MEWDS. 


Neuroretinopathy and MEWDS—Gass & Hamed 


This study was supported in part by research 
grant 5V01 EY02549-09 from the Public Health 
Service, Department of Health and Human Ser- 
vices, National Institutes of Health, National 
Eye Institute, Bethesda, Md. 


References 


1. Bos PJM, Deutman AF: Acute macular neu- 
roretinopathy. Am J Ophthalmol 1975;80:573- 
584. 

2. Jampol LM, Sieving PA, Pugh D, et al: 
Multiple evanescent white dot syndrome: I. Clin- 
ical findings. Arch Ophthalmol 1984;102:671-674. 

3. Takeda M, Kimura S, Tamiya M: Acute 
disseminated retinal pigment epitheliopathy. 
Folia Ophthalmol Jpn 1984;35:2613-2620. 

4. Gass JDM: Stereoscopic Atlas of Macular 
Diseases: Diagnosis and Treatment, ed 3. St 
Louis, CV Mosby Co, 1987, pp 512-513. 

5. Browning DJ, Buckley EG: Reliability of 
brightness comparison testing in predicting 
afferent pupillary defects. Arch Ophthalmol 1988; 
106:44-49. 

6. Glaser JS, Savino PJ, Sumers KD, et al: The 
photo-stress recovery test: A practical adjunct in 
the clinical assessment of visual function. Am J 
Ophthalmol 1977;83:255-160. 

7. Hamed LM, Schatz NJ, Glaser JS, et al: 
Acute idiopathic blind spot enhancement without 
optic disc edema. Arch Ophthalmol 1988;106:1030- 
1031. 

8. Hamed LM, Gass JDM, Glaser JS, et al: 
Protracted enlargement of the blind spot in 
multiple evanescent white dot syndrome. Arch 
Ophthalmol 1989;107:194-198. 

9. Fletcher WA, Imes RK, Goodman D, et al: 
Acute idiopathic blind spot enlargement: A big 
blind spot syndrome without optic dise edema. 
Arch Ophthalmol 1988;106:44-49. 

10. Rush JA: Acute macular neuroretinopathy. 
Am J Ophthalmol 1977;83:490-494. 

11. Priluck IA, Buettner H, Robertson DM: 
Acute macular neuroretinopathy. Am J Ophthal- 
mol 1978;86:775-778. 

12. Putteman A, Toussaint D, Deutman AF: 
Acute macular neuroretinopathy (Neuroretino- 
pathie maculaire aigue). Bull Soc Belge Ophtal- 
mol 1982;199-200:35-41. 

13. Weinberg RJ, Nerney JJ: Bilateral submac- 
ular hemorrhages associated with an influenza 
syndrome. Ann Ophthalmol 1983;15:710-712. 

14. Guzak SV, Kalina RE, Chenoweth RG: 
Acute macular neuroretinopathy following 
adverse reaction to intravenous contrast media. 
Retina 1983;3:312-317. 

15. Sieving PA, Fishman GA, Salzano T, et al: 
Acute macular neuroretinopathy, early receptor 
potential change suggests photoreceptor patholo- 
gy. Br J Ophthalmol 1984;68:229-234. 

16. Van Herck M, Leys A, Missotten L: Acute 
macular neuroretinopathy. Bull Soc Belge Oph- 
talmol 1984;210:119-125. 

17. Aaberg TM, Campo RV, Joffe L: Recur- 
rences and bilaterality in the multiple evanes- 
cent white-dot syndrome. Am J Ophthalmol 
1985;100:29-37. 

18. Meyer RJ, Jampol LM: Recurrences and 
bilaterality in the multiple evanescent white-dot 
syndrome. Am J Ophthalmol 1986;101:388-389. 

19. Jost BF, Olk RJ, McGaughey A: Bilateral 
symptomatic multiple evanescent white-dot syn- 
drome. Am J Ophthalmol 1986;101:489-490. 

20. Nakao K, Isashiki M: Multiple evanescent 
white dot syndrome. Jpn J Ophthalmol 1986; 
30:376-384. 

21. Mamalis N, Daily MJ: Multiple evanescent 
white dot syndrome. Ophthalmology 1987;94: 
1209-1212. 

22. Keunen JEE, van Norren D: Foveal densi- 
tometry in the multiple evanescent white-dot 
syndrome. Am J Ophthalmol 1988;105:561-562. 

23. Laatikainen L, Immonen I: Multiple eva- 
nescent white dot syndrome. Graefes Arch Clin 
Exp Ophthalmol 1988;226:37-40. 


193 


Protracted Enlargement of the Blind Spot in 


Multiple Evanescent White Dot Syndrome 


Latif M. Hamed, MD; Joel S. Glaser, MD; J. Donald M. Gass, MD; Norman J. Schatz, MD 


è Two patients had protracted blind 
spot enlargement, photopsia, and no 
optic disc edema. Both had fundus and 
fluorescein angiographic findings typical 
of multiple evanescent white dot syn- 
drome that resolved within several 
weeks, leaving a persistent enlarged 
blind spot and photopsia. These clinical 
findings and an analysis of the literature 
data suggest that acute idiopathic blind 
spot enlargement without optic disc ede- 
ma may be a subset of multiple evanes- 
cent white dot syndrome. 

(Arch Ophthalmol 1989; 107: 194-198) 


letcher et al' recently described 

seven healthy young adults (five 
women and two men) with acute idio- 
pathic blind spot enlargement 
(AIBSE) but without optic disc ede- 
ma. Visual acuity, color vision, pupil- 
lary responses, ophthalmoscopic 
examination, and fluorescein angio- 
graphic findings were typically nor- 
mal. Symptoms of monocular tempo- 
ral visual field defects and photopsia 
resolved over several months. On the 
basis of the clinical features and the 
results of multifocal electroretino- 
graphic techniques, the authors pos- 
tulated that circumpapillary retinal 
dysfunction produced the big blind 
spots, and they attributed their cases 
to a heretofore undescribed cause of 
the “big blind spot syndrome.” 
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We examined two young women 
with these symptoms. Both had well- 
documented evidence of fundus le- 
sions characteristic of multiple eva- 
nescent white dot syndrome 
(MEWDS) earlier in the clinical 
course. The white lesions subsequent- 
ly resolved within several weeks, but a 
monocular temporal visual field 
defect and photopsia persisted. Our 
findings provide evidence that pho- 
topsia and visual field scotomas char- 
acteristic of MEWDS may pursue a 
protracted course, persisting for 
months after resolution of the typical 
fundus lesions and return of normal 
visual acuity. Examination of such 
cases at this later stage would show a 
constellation of findings indistin- 
guishable from the cases of AIBSE 
reported by Fletcher et al,' which sug- 
gests that the two syndromes may be 
pathogenetically and etiologically re- 
lated. 

REPORT OF CASES 

CasE 1.—An 18-year-old woman pre- 
sented on Oct 21, 1987, one week after acute 
onset of multiple small clusters of flicker- 
ing lights and multiple scotomas “like 
snow on a television screen” in the left eye. 
Two weeks previously, she had suffered 
from an episode of herpes stomatitis and a 
sore throat; a similar episode had occurred 
in May 1987. The patient had a medical 
history of polycystic ovarian disease and 
an elevated serum testosterone level. She 
was taking oral contraceptives. 

Her visual acuity was 20/20 OD and 
20/20-—2 OS. All 14 Ishihara pseudoiso- 
chromatic color plates were identified in 
each eye. The pupils were briskly reactive 
to light and without an afferent defect. 
Slit-lamp examination results were unre- 
markable, with an applanation tension of 
12 mm Hg OU. Rare vitreal cells were seen 


in the left eye. Automated Humphrey 30-2 
visual field testing showed a large scotoma 
emanating from the blind spot of the left 
eye (Fig 1). 

Fundus examination of the right eye 
disclosed normal results; the left eye 
showed blurred disc margins and had 
numerous small, faintly gray lesions at the 
level of the retinal pigment epithelium 
(RPE) scattered throughout the macula 
and involving the circumpapillary retina, 
especially inferonasally. In the foveal area 
numerous small, slightly irregular, or- 
ange-yellow lesions at the level of the RPE 
were noted (Fig 2). 

Fluorescein angiography of the left eye 
showed multiple areas of early punctate 
fluorescence with late staining in the mac- 
ular and juxtapapillary areas and late 
staining of the optic nerve head (Fig 3). 
Fluorescein angiograms of the right eye 
were normal. Electroretinographic rod and 
cone responses were slightly depressed in 
the left eye. 


Follow-up examinations showed resolu- ~ 


tion of the white spots and return of nor- 
mal visual acuity within several weeks. 
Despite this, the patient continued to have 
protracted photopsia and temporal visual 
field loss in the left eye seven months after 
the onset of symptoms. 


COMMENT.—Had this patient ini- 
tially presented several weeks after 
onset of symptoms, after resolution of 
the typical white spots in the fundus, 
she would have shown all of the cardi- 
nal features of the AIBSE syn- 
drome.! 


Case 2.—On April 15, 1988, a 15-year-old 
girl experienced right ocular discomfort, 
blurred vision, a large temporal scotoma, 
and flashing lights emanating from the 
scotoma in the right eye. With persistence 
of these symptoms, she was examined at 
the Bascom Palmer Eye Institute, Miami, 
on May 2, 1988. Her medical history was 
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Fig 1.—Patient 1. Automated Humphrey 30-2 visual fields demonstrate blind spot enlargement in left eye of patient with 
multiple evanescent white dot syndrome. This persisted after resolution of funduscopic abnormalities. 





Fig 2.—Patient 1. Note widely scattered white spots in peripapillary and peripheral macular areas 
of left eye. Optic disc margins are blurred. 


unremarkable. She denied having had an 
antecedent upper respiratory tract illness 
or viral prodrome. 

Her visual acuity was 20/50+1 OD and 
20/20 OS. All 14 Ishihara pseudoisochro- 
matic plates were identified in each eye. 
Pupillary testing and slit-lamp examina- 
tion results and applanation tensions were 
normal. Trace vitreal cells were seen in the 
right eye. Results of brightness compari- 
son? and photostress recovery times’ were 
normal in both eyes. Results of Goldmann 
visual field testing were normal in the left 
eye, but a greatly enlarged blind spot with 
sharp borders in the right eye was 
revealed. 
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Fundus examination results of the left 
eye were normal. The right eye showed 
blurred disc margins and numerous gray 
lesions one-fourth disc diameter in size at 
the level of the RPE scattered throughout 
the posterior pole. The fovea showed 
numerous tiny orange lesions at the level 
of the RPE (Fig 4). Fluorescein angiogra- 
phy showed typical findings for MEWDS 
in the right eye (Fig 5). 

Follow-up examination four weeks after 
the onset of symptoms revealed total reso- 
lution of the fundus lesions and a return of 
normal visual acuity but persistence of 
photopsia and temporal visual field loss in 
the right eye. When the patient was last 





Fig 3.—Patient 1. Fluorescein angiogram of 
left eye shows multiple clusters of punctate 
spots of hyperfluorescence in peripheral mac- 
ular and juxtapapillary areas. Note staining of 
optic nerve head. 


examined on July 12, 1988, the photopsia 
and enlargement of the blind spot on Gold- 
mann perimetry were still present despite 
normal fundus examination results 
(Fig 6). 


COMMENT 


In 1984, Jampol et alt and Takeda et 
alí independently described a disorder 
characterized by acute unilateral 
visual loss and scotomas in otherwise 
healthy young patients (12 women 
and three men), with multiple white 
lesions at the level of the RPE or deep 
retina (MEWDS). Other findings vari- 
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Fig 4.—Patient 2. Note scattered round white lesions at level of retinal pigment epithelium in 
macula and fine granularity of retinal pigment epithelium in foveal area. 





Fig 5.—Patient 2. Fluorescein angiogram reveals multiple areas of punctate hyperfluorescence 
with late staining as well as staining of optic nerve head. 


ably present include anterior chamber 
and vitreal cells, foveal pigment gran- 
ularity, characteristic early hyper- 
fluorescence of the white dots with 
late staining on fluorescein angiogra- 
phy, and abnormalities of the electro- 
retinogram, early receptor potential, 
and electro-oculogram in the acute 
stage of the condition. Less common- 
ly, mild optic disc hyperemia and 
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afferent pupillary defects are noted. A 
history of an antecedent flulike illness 
is elicited in some patients. Spontane- 
ous resolution of the white fundus 
lesions usually occurs within several 
weeks, but scotomas and electrophysi- 
ologic abnormalities may take longer 
to resolve.*’* The condition occasion- 
ally affects both eyes, and late recur- 
rences are possible.”"° 





Of 36 cases of MEWDS found in the 
literature, there were 27 women and 
nine men, with an average age of 26 
years (range, 14 to 44 years). There 
were 29 unilateral, seven bilateral, 
and two recurrent cases. The Table 
summarizes the cases of MEWDS 
reported to date and the cases of 
AIBSE presented by Fletcher et al.' 

The etiology of MEWDS remains 
unknown. Evaluation for evidence of 
systemic disease is usually unreveal- 
ing. Jampol et al* uncovered a history 
of a flulike illness in five of their 11 
cases and suggested the possibility of 
an infectious cause. In support of an 
infectious process, Chung and asso- 
ciates" found high serum levels of IgG 
and IgM in one patient during the 
clinical illness. This could not be con- 
firmed in another patient described 
by Keunen and van Norren.” In addi- 
tion, two of the three patients 
described by Laatikainen and Immon- 
en’ suffered from antecedent acute 
respiratory tract infections, but 
immunoelectrophoresis and titers of 
various viral antibodies were negative 
in all their patients. A history of 
preceding flulike illness was not con- 
firmed by Takeda et al,’ Aaberg et al,’ 
or by Nakao and Isashiki.* Likewise, 
no mention of an antecedent flulike 
illness was made in any of the 
patients of Fletcher et al.' 

Features common to MEWDS and 
AIBSE include a predilection for 
young women, visual field scotomas, 
photopsia, occasional recurrences and 
bilaterality, electroretinographic ab- 
normalities, and eventual resolution 
within months. White dot lesions in 
the fundus and fluorescein angio- 
graphic findings typical of the acute 
stages of MEWDS were reportedly 
lacking in patients with AIBSE:! 
However, the tendency for rapid reso- 
lution of funduscopic abnormalities in 
MEWDS, despite persistence of pho- 
topsia and visual field scotomas as 
shown in our cases, suggests that the 
time interval between onset of symp- 
toms and examination is critical for 
an accurate diagnosis. For example, 
case 1 in the report by Fletcher et al 
was evaluated seven weeks after onset 
of symptoms, and fundus lesions 
might have resolved or were suffi- 
ciently indistinct. The intervals 
between the onset of the disorder and 
examination in the remaining six 
cases are difficult to ascertain from 
the presented data. Moreover, the 
angiograms of the two patients illus- 
trated in the report by Fletcher et al 
seem to show early multiple punctate 
areas of hyperfluorescence in the jux- 
tapapillary zone typical of MEWDS 
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Fig 6.—Patient 2. Goldmann visual fields show blind spot enlargement of right eye in patient with multiple evanescent white 


dot syndrome persisting two months after resolution of typical fundus white dot lesions. 


Summary of Reported Cases of Multiple Evanescent White Dot Syndrome 


No. of Patients/ 


Source, y 
Fletcher et al,' 1988 
Jampol et al,4 1984 


Takeda et al, 1984 


Aaberg et al,’ 1985 


Nakao and Isashiki, 1986 


Mamalis and Daily,'* 1987 


To be classified in a separate syn- 
drome unrelated to MEWDS, cases of 
AIBSE should have documentation of 
normal funduscopic and fluorescein 
angiographic findings during the 
acute stages of the illness. 
Enlargement of the blind spot dur- 
ing the acute stages of the condition 
has been described in five of the 36 
cases of MEWDS reported in the liter- 
ature.*>’* In three of these cases,*”* 
the enlargement variably persisted 
after the characteristic white dot 
lesions in the fundus had resolved or 
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Age, y/Sex (M/F) 


11/17-38/(1/ 10) 


4/19, 26, 24, 17/(2/2) 


4/23, 44, 28, 21/(3/1) 


2/15, 26/(1/1) 


0/1 


8/18-42/(0/8) 


become barely perceptible. The white 
dots in MEWDS may resolve even in 
one to two weeks; therefore, the term 
“evanescent” is appropriate. Photop- 
sia and visual field scotomas, howev- 
er, may persist for many months 
afterward and may pose a diagnostic 
dilemma if a patient is examined later 
in the clinical course. Therefore, 
awareness of the evolving clinical pro- 
file of MEWDS is critical. 

Other visual field defects have been 
described in patients with MEWDS, 
including central and cecocentral sco- 


Visual Field 


Unilateral/ Bilateral Recurrent Defects (No.) 
7/25-39, average, 33/(2/5) 6/1 1 Big blind spot (7) 
11/0 O Big blind spot (1) and paracentral 


scotoma (1) 

Big blind spot (1), central 
scotoma (1), decreased l2 
isopter (1), and peripheral field 
constriction (1) 

Big blind spot (2), central 
scotoma, bilateral arcuate 
scotomas, and cecocentral 
scotoma 

Big blind spot (1) and central 
scotoma (1) 





tomas, paracentral scotomas, con- 
striction of midperipheral and periph- 
eral isopters, and arcuate field defects 
(Table). Similar to blind spot enlarge- 
ment, we believe these defects may 
persist after resolution of ophthalmo- 
scopic findings. 

The evolving clinical picture in 
MEWDS may lead to other diagnostic 
difficulties. Although the optic nerve 
head in some cases may be normal on 
funduscopy and fluorescein angiogra- 
phy during the acute stages of the 
condition, disc hyperemia, blurred 
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margins, splinter hemorrhages, early 
fluorescein leakage, and late staining 
can occur. After the resolution of the 
white dot lesions, mild dise blurring 
and vitreous cells may persist. In the 
presence of an enlarged blind spot, the 
condition may be mistaken for papil- 
ledema, perioptic neuritis, or the big 
blind spot syndrome." 

We agree with Aaberg et al that 
“as experience accumulates with this 
entity [MEWDS], undoubtedly new 
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JAMA 


manifestations of its expression in 
afflicted individuals will be found.” 
Protracted photopsia and visual field 
defects following resolution of fundus 
abnormalities are cases in point. We 
believe that the patients with acute 
blind spot enlargement but without 
optic disc edema or funduscopic 
abnormalities described by Fletcher 
et al' represent a variation in the 
clinical profile or temporal evolution 
of MEWDS. Since the disease may 
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__ A Clinical Study of Perimetric Probability Maps 


Anders Heijl, MD, Peter Asman, MD 


è Perimetric probability maps depict 
visual field results in terms of the frequen- 
cy with which the measured findings are 
seen in a normal population. We tested 
clinically the importance of the model of 
the normal visual field used to calculate 
such maps. Forty-one eyes of 41 normal 
subjects and 58 eyes of 46 glaucomatous 
patients were studied. Probability maps 
were calculated by means of two different 
models of the normal visual field. The first 
model assumed gaussian threshold distri- 
butions with constant variability across 
the field. The second used empirically 
determined nongaussian location-depen- 
dent threshold distributions. Probability 
maps using the empiric model allowed 
better separation between glaucomatous 
and normal eyes, and the number of sig- 
nificant points in normal subjects was in 
better agreement with the theoretically 
expected number. The gaussian model 
yielded an unacceptably high frequency 
of significant points in normal fields, par- 
ticularly in the midperiphery. The clinical 
usefulness of perimetric probability maps 
depends critically on the choice of normal 
visual field model. 

(Arch Ophthalmol 1989; 107:199-203) 


he in experienced hands, inter- 
pretation of computerized visual 
field data often presents a challenge. 
This is especially true in cases of 
suspected early or mild loss, where 
true loss must be differentiated from 
normal physiologic variation. 

A number of interpretation aids 
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have been used, including gray-scale 
plots and maps of deviations from 
age-corrected normal values. 
Schwartz and Nagin' suggested the 
use of probability maps that present 
the statistical significance of the mea- 
sured sensitivity at each point in the 
visual field. Their maps were based on 
departures from age-corrected nor- 
mal values and assumed a visual field 
model commonly in use at the time.'* 
This model hypothesized a gaussian 
distribution of normal responses at 
each point and constant variability 
throughout the field. 


For editorial comment see p 185. 


Recent investigations suggest, how- 
ever, that the variability of normal 
threshold values in fact changes con- 
siderably with test point location,” 
and that the distributions of mea- 
sured threshold values in normal sub- 
jects are significantly nongaussian."! 
A new version of probability maps, 
based on these later empiric findings, 
has been devised” and its utility dem- 
onstrated in typical clinical situa- 
tions.” 

Theoretically, one would expect 
that these empiric probability maps 
should be significantly more useful 
than the early version of Schwartz 
and Nagin,' simply because of the 
improvement in the visual field model 
used. The purpose of the present study 
was to compare probability maps clin- 
ically on the basis of those two differ- 
ent models of the normal visual field 
in a quantitative way. 


SUBJECTS AND METHODS 
Subjects and Methods of Testing 


The visual fields of 41 normal subjects 
and 46 subjects with glaucoma were 
studied. The normal group consisted of 41 


eyes of 41 subjects. Their mean age was 59 
years (range, 23 to 78 years). They be- 
longed to one of two groups. The main 
group (32 subjects) consisted of healthy 
volunteers, staff, and relatives of staff, 
with no history of ophthalmic disease. A 
smaller group (nine subjects) were 
patients treated for minor external eye 
problems without any suspicion of visual 
field loss. None of the subjects included in 
this study were part of the pool of normal 
subjects used in the calculation of the 
probability maps (see below). All subjects 
had normal results on slit-lamp examina- 
tion and ophthalmoscopy, and intraocular 
pressure below 22 mm Hg. All had some 
previous experience with computerized 
perimetry. They were subjected to comput- 
erized perimetry with the 30-2 program of 
the Humphrey perimeter (full threshold 
strategy). This program measures the dif- 
ferential light sensitivity threshold at 76 
points in the central 30° field.'*"° 

The glaucoma group consisted of 58 eyes 
of 46 patients. Their mean age was 64 years 
(range, 24 to 86 years). To avoid the influ- 
ence of preconceived ideas of the glauco- 
matous visual field, subjects with glauco- 
ma were not selected on the basis of visual 
field appearance. Instead, they were 
chosen according to optic disc morphologic 
characteristics in the following way: all 
patients who had performed a 30-2 thresh- 
old test on a Humphrey perimeter in our 
glaucoma outpatient department were 
listed and their records searched. In a 
majority of cases the only reason for fol- 
low-up was manifest or suspected glauco- 
ma. Within this group, 426 eyes were iden- 
tified in which disc photographs had been 
obtained within one year of a Humphrey 
30-2 perimetric threshold test and where 
the patient had previous experience with 
automated perimetry. The disc photo- 
graphs in these 426 eyes were used to 
categorize the optic discs subjectively in a 
masked fashion by one of us (A.H.). The 
discs were classified into one of three 
groups: glaucomatous, normal, and uncer- 
tain. This classification was done in a 
conventional way, with more attention 
paid to general disc topography and width 
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Fig 1.—Four representations of glaucomatous visual field. Standard threshold (A) and gray-scale (B) printout. Probability 
map of deviations from age-normal values, based on empiric model (C) and based on gaussian model (D). 
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Fig 2.—Partition of tested area into four zones 
(1 through 4) of different eccentricity. 


of neuroretinal rim than to cup-disc ratio 
and color. Ninety-seven eyes were thus 
classified as glaucomatous. From this 
group all eyes were excluded that had 
visual acuity of less than 20/40 or large 
field defects (exceeding group II in the 
Aulhorn and Harms classification'*). This 
excluded absolute scotomas connected to 
the blind spot and breaking through to the 


nasal periphery in this 30° test and larger 
defects. 
Analysis of Data 

Each visual field was analyzed in two 
different ways, by means of the two models 
of the normal visual field mentioned 
above. 

First, the difference between the mea- 
sured threshold and the age-corrected nor- 
mal threshold’ was calculated for each 
point tested (except for two points in the 
blind-spot area). The highest level of sig- 
nificance (none, P < 5%, P<2%, P<1%, 
P<0.5%) of these deviations was then 
determined with both models of the nor- 
mal visual field: (1) the older model assum- 
ing constant variability across the visual 
field (SD, 2.4 dB) and gaussian distribu- 
tions of measured thresholds at each point! 
and (2) the newer empirically determined 
model in which threshold distributions are 
allowed to depend on test point loca- 
tion.!!? 

The significances (one sided) thus calcu- 
lated were plotted in two two-dimensional! 
gray-scaled probability maps, one for each 
model (Fig 1). 

For each field, each model, and each 
significance level, the total number of sig- 
nificant points was determined. This was 
done for the normal group as well as for 
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the glaucoma group. Differentiation 
between the two groups may be made in 
various ways, requiring different numbers 
of significant points. Each such number 
yields a sensitivity and a specificity. Such 
pairs of sensitivity and specificity were 
plotted as relative operating characteristic 
(ROC) curves.” One curve was plotted for 
each model and each level of significance. 
Relative operating characteristic curves 
show the relationship of sensitivity to 
specificity by varying criteria for consider- 
ing a test positive. They can be used for 
comparison between two different meth- 
ods of testing or, here, visual field models. 
They are also valuable for the identifica- 
tion of cutoff levels where the combination 
of sensitivity and specificity is optimized. 
In the normal group the fields were 
divided into four zones of increasing eccen- 
tricity (Fig 2). In each normal field the 
number of significant points was counted, 
in each zone and in the entire field. These 
numbers were added, forming totals for 
the whole normal group. This was repeated 
for each level of significance and both 
types of probability maps. The total num- 
bers were then compared with the expected 
outcome, calculated by multiplying the sig- 
nificance level by the total number of 
points tested in all visual fields. (For 
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example, expected number of significant 
points at the P<5% level in 41 normal 
fields is 41X74 points X 0.05 = 152 
points.) 


RESULTS 


Figure 3 shows sensitivities and 
corresponding specificities for the two 
visual field models at the different 
levels of significance. The empiric 
visual field model generally achieved 
better separation between normality 
and abnormality than did the old 
model. The best combinations of sen- 
sitivity and specificity were obtained 


by means of the empiric model and 
taking into account only points with 
high levels of significance (P <1% 
and P < 0.5%). 

Sensitivities were better with the 
empiric model than with the old one 
also at very high levels of specificity. 
Neither model resulted in a combina- 
tion of very high sensitivity and 
acceptable specificity. When points 
were considered significant if missed 
at the 5% level, no cutoff level 
resulted in good combinations of sen- 
sitivity and specificity, and at this 
level the ability to separate between 


Numbers of Significant Points Observed and Expected 


No. of Significant Points 


LLL LB, 


Level of Significance 





Empiric Model 


Observed 


Gaussian Model Expected 





normal and glaucomatous eyes was 
similar for the two models. 

The total numbers of significant 
points in the fields in the normal 
group are shown in Table 1, along 
with the theoretically expected num- 
bers. At all levels of significance, the 
empiric model gave results that were 
in much closer agreement with the 
expected numbers than were those of 
the gaussian model. The difference in 
the results of the two models was 
largest at the higher levels of signifi- 
cance. 

The geographic distribution of sig- 
nificant points is shown for both mod- 
els in Fig 4. For each eccentricity, the 
theoretically expected number of sig- 
nificant points is plotted for refer- 
ence. At the 0.5%, 1%, and 2% levels 
the empiric model gave results that 
were in close agreement with the 
expected throughout the field; at the 
5% level the number of observed 
points was somewhat higher than the- 
oretically expected. The gaussian 
model resulted in erroneously high 


Fig 5.—Field from normal subject. Shallow depression is seen in upper midperiphery in standard threshold (A) and gray-scale 
(B) printouts. Such depressions occur frequently in normal subjects and are deemphasized by probability map based on 
empiric model (C). Probability map based on gaussian model (D), however, falsely indicates that finding is rare. 
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numbers of significant points. The 
frequency of such false-positive points 
increased markedly with eccentrici- 


ty. 
COMMENT 


The results indicate that the model 
of the normal visual field chosen in 
the calculation of perimetric probabil- 
ity maps critically affects the useful- 
ness of such maps. The ability to 
distinguish normal individuals from 
glaucomatous patients was markedly 
better when the maps were calculated 
according to the empiric model of the 
normal visual field than when the 
simpler gaussian model was used. The 
empiric model that took into account 
the physiologic increase of normal 
threshold variability with eccentricity 
and the nongaussian nature of these 
variations was able to attain combina- 
tions of high sensitivities and specific- 
ities, approximately 90% of both. 
These figures are quite acceptable 
since only the total number of signifi- 
cant points was counted, without con- 
sideration of the spatial information 
available in the maps. At the same 
specificity, the older model provided 
sensitivities below 80%, ie, it missed 
twice as many true glaucomas. One 
would not expect a much better result 
than that obtained by the empiric 
model given that the disc and field 
findings in glaucoma are not always 
in agreement and that changes at the 
optic disc may precede those of the 
visual field. At the 5% level the 
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limits of normality of the two models 
were more similar over a large part of 
the visual field. This partly explains 
the similarity of the sensitivity and 
specificity achieved by the two models 
at this level of significance. 

Throughout the field, the empiric 
model gave numbers of significant 
points that were in close agreement 
with the theoretically expected num- 
bers. No results were excluded on the 
basis of reliability factors, which 
might be the reason for the overrepre- 
sentation of significant points at the 
P<5% level. 

The gaussian visual field model, on 
the other hand, resulted in high num- 
bers of false-positive points at all 
significance levels, particularly more 
peripherally, where normal interin- 
dividual threshold variability is high. 
Such findings are deemphasized in the 
empiric probability maps (Fig 5). One 
may argue that the empiric maps may 
hide real peripheral defects in 
patients with glaucoma. This is of 
course correct and unfortunate, but 
field defects that do not exceed the 
noise of normal background threshold 
variability cannot be recognized 
unless the measured field is obtained 
under very good circumstances where 
short-term fluctuation and patient 
errors are kept at a minimum. In 
these cases, defective areas may be 
detected only by means of comparison 
with other areas within the same field 
rather than with pointwise normal 
population values. 


References 


tion in the normal hill of vision. Arch Ophthalmol 
1986;104:65-68. 

11. Heijl A, Lindgren G, Olsson J: Normal 
variability of static perimetric threshold values 
across the central visual field. Arch Ophthalmol 
1987;105:1544-1549. 

12. Heijl A, Lindgren G, Olsson J: A package 
for the statistical analysis of visual fields. Doc 
Ophthalmol Proc Ser 1987;49:153-168. 

13. Heijl A, Lindgren G, Olsson J, et al: Visual 
field interpretation with empiric probability 
maps. Arch Ophthalmol 1988;107:204-208. 

14. Heijl A: The Humphrey Field Analyzer: 
Concepts and clinical results. Doc Ophthalmol 
Proc Ser 1985;43:55-64. 

15. Haley MJ: The Field Analyzer Primer, ed 
2. San Leandro, Calif, Allergan-Humphrey, 1987, 
pp 14-25. 

16. Aulhorn E, Harms M: Early visual field 
defects in glaucoma, in Leydhecker W (ed): Glau- 
coma, Tutzing Symposium. Basel, S Karger AG, 
1966, pp 151-186. 

17. Swets JA, Pickett RM, Whitehead SF, et al: 
Assessment of diagnostic technologies. Science 
1979;205:753-759. 

18. Hoskins HD, Gelber EC: Optic disk topog- 
raphy and visual field defects in patients with 
increased intraocular pressure. Am J Ophthalmol 
1975;80:284-290. 

19. Hitchings RA, Spaeth GL: The optic disc in 
glaucoma: II. Correlation of the appearance of 
the optic disc with the visual field. Br J Ophthal- 
mol 1977;61:107-113. 


Perimetric Probability Maps—Heijl & Asman 


Eyes with large field defects were 
excluded from this study. Large 
defects may be detected also with the 
crudest of screening methods and may 
often be easily identified even without 
perimetry. Including large defects 
would therefore only have obscured 
any differences between the ability of 
the two models to detect early field 
loss. 

Presently, two types of probability 
maps are available.” The results pre- 
sented here are based on the total 
deviation probability maps, but we 
arrived at similar results when using 
the other type, the pattern deviation 
probability maps. 

From a more general point of view, 
the findings of this study indicate 
that the variation of normal threshold 
variability across the visual field 
always should be considered when 
computerized threshold fields are 
interpreted. Simple rules of thumb, 
eg, that a depression of 5 dB repre- 
sents abnormality,” are not suffi- 
ciently precise. Considering the com- 
plex distributions of measured 
threshold values among normal sub- 
jects and the variation of these distri- 
butions across the visual field, empir- 
ic probability maps may presently 
offer the most convenient method of 
interpreting single automated fields. 
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Visual Field Interpretation 
With Empiric Probability Maps 


Anders Heijl, MD; Georg Lindgren, PhD; Jonny Olsson, MS; Peter Asman, MD 


@ Automated visual field charts may be 
difficult to interpret partly because of the 
magnitude and complex nature of normal 
threshold variability. We devised two 
types of empiric probability maps in which 
this variability is taken into account and 
the significances of measured threshold 
values are displayed. These maps are 
highly sensitive to nonobvious but signifi- 
cant paracentral field loss but will at the 
same time deemphasize false-positive 
patterns commonly found more peripher- 
ally. They also frequently show field 
defects before these are obvious in con- 
ventional threshold printouts. In addition, 
they differentiate between generalized 
loss of sensitivity and localized field 
defects. 

(Arch Ophthalmol 1989; 107:204-208) 
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[t is now generally recognized that 

visual field loss can be identified 
earlier with computerized than with 
standard manual perimetry.'* Howev- 
er, field charts from threshold-mea- 
suring computerized tests often 
include many small irregularities due 
to physiologic variation, which may 
cause problems in interpretation. In 
fact, with the introduction of quanti- 
tative computerized tests, the analysis 
of visual field data has become a 
matter of differentiating true early 
loss from normal physiologic thresh- 
old variability. 





For editorial comment see p 185. 





Traditionally, interpretation of 
computerized field charts has been 
defined mostly in qualitative terms, 
just like the interpretation of manual- 
ly plotted fields. Often sensitivities of 
various areas have been compared 
with results at other tested points in 
the same field chart to identify 
regions of localized field loss.*° Analy- 
sis of computerized fields may be 
facilitated by plotting numeric devia- 
tions of the measured threshold value 


=—20° —10 


Deviation, dB 


from the age-corrected normal 
threshold value at each tested 
point.*’ 


Even with such maps, the clinician 
must still decide the clinical signifi- 
cance of each measured deviation. It 
has often been stated or assumed that 
in normal subjects pointwise thresh- 
old deviations follow gaussian distri- 
butions and that threshold variability 
is constant throughout the visual 
field.‘ The significance of measured 
threshold deviations has been esti- 
mated accordingly, and depressions of 
5 dB or more have often been consid- 
ered pathologic.'''* Such assumptions 
are of limited value, however, as nor- 
mal intersubject threshold variability 
has been shown to follow distinctly 
nongaussian distributions’ and to 
change markedly with location within 
the visual field (see below).!*!8 

The complexity of normal threshold 
variability thus makes it difficult to 
judge intuitively the significance of 
measured threshold values. We there- 
fore devised empiric probability maps 
in which the variation of the distribu- 
tions of measured threshold values in 
normal subjects is taken into account 





Fig 1.—Deviations of measured threshold values from age-corrected normal threshold values in normal subjects included 
in database of statistical program. Data from three points in visual field are shown. Observed 1% and 5% percentiles are 


indicated by arrows. Calculation of significance limits involved re 


algorithm.’ 
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petitive weighting procedure and smoothing 
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and the threshold measurements at 
each tested point are displayed graph- 
ically in a way that shows the signifi- 
cance of the measured threshold.’ 
Probability maps have been described 
before,” but they were based on the 
older assumptions that normal vari- 
ability is constant across the visual 
field and that threshold measure- 
ments follow gaussian distributions. 

The aim of this article is to describe 
and explain the new probability maps 
and to illustrate and discuss their 
characteristics, advantages, and dis- 
advantages. The report is based on 
experience gathered during two years 
of routine clinical usage. 


METHODS 
Normal Visual Field Model 


We analyzed results of repeated auto- 
mated static visual field testing in a ran- 
dom sample of normal subjects taken from 
the population of the city of Malmö, Swe- 
den. The results showed that normal inter- 
individual variability increased with 
eccentricity and that the distributions of 
the deviations from the age-corrected 
mean threshold were nongaussian, with 
negative skewness. Skewness increased 
with increasing distance to the point of 
fixation. The data from these normal 
subjects allowed the construction of an 
empiric model of the normal age-corrected 
visual field.’ 

At each individual point in the visual 
field, normal sensitivity diminishes linear- 
ly with age, but the rate of age-induced 
reduction of sensitivity varies among 
points. The model includes mean values 
and limits for normal threshold variabili- 
ty. Because of the nongaussian nature of 
the distributions, the normal limits were 
based on empirically determined devia- 
tions from the age-corrected normal 
threshold (Fig 1). Thus, the 5%, 2%, 1%, 
and 0.5% significance levels of these distri- 
butions were determined separately for 
each test point. A smoothing procedure 
was used to improve the precision of the 
estimates of these tail probabilities, which 
form the prediction limits of normality.’ In 
establishing numeric values for the age- 
corrected normal reference field, the 
results from Malmö were compared and 
pooled together with results from three 
other centers. 


Calculation and Display of 
Probability Maps 


The percentiles mentioned above form 
the basis of the empiric probability maps, 
which are produced in the following way: 
(1) A normal reference field is computed on 
the basis of the patient’s age. (2) At each 
test point the numeric difference between 
the measured threshold value and the age- 
corrected normal threshold value is calcu- 
lated. (3) These differences are displayed, 
rounded to the nearest integer, in a numer- 
ic total deviation map (Fig 2, C). (4) The 
deviation at each point is then compared 
with the empiric prediction limits for nor- 
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Fig 2.—Glaucomatous field with classic arcuate defect. Defect is obvious in traditional numerical 
(A) and gray-scaled (B) threshold charts as well as in numerical total deviation (C) and pattern 
deviation (D) maps. Total deviation (E) and pattern deviation (F) probability maps only confirm 
defect. 








Fig 3.—Extent of field defects may often be more obvious in probability maps than in traditional 
gray-scaled threshold representations (A). In this glaucomatous field, total deviation probability 
map (B) clearly shows that inferior defect extends from blind spot to nasal periphery. 


Empiric Perimetric Probability Maps—Heijl et al 205 


Sa 


mality of that same location. (5) If the 
deviation is nonsignificant, a single dot is 
printed at the corresponding location in a 
graphic probability map. If, on the other 
hand, the deviation is significant, a gray- 
scaled symbol is displayed. A darker sym- 
bol illustrates a higher level of significance 
(Fig 2, E). These probability symbols thus 
illustrate how common a given threshold 
test result is among normal subjects of the 
same age as the patient, with darker sym- 
bols emphasizing results that are seen less 
commonly. 


For each visual field, two different prob- 
ability maps are produced (Fig 2, E and F). 
The total deviation probability map illus- 
trates the significance of the point-by- 
point deviation from normal values as 
explained above (Fig 2, E). The other, the 
pattern deviation probability map (Fig 2, 
F), shows the point-by-point significances 
of deviations, having corrected for general- 
ized shifts in overall field sensitivity.’ 
Thus, the pattern deviation probability 
map illustrates the significance of the 
deviation of the shape of the measured 


field from the shape of the normal refer- 
ence field. 

To calculate the pattern deviation proba- 
bility maps, an area with no localized loss 
is needed” for the determination of the 
height of the measured field. Those points 
that have the highest measured sensitivi- 
ties, as compared with age-corrected nor- 
mal values, are assumed to be unaffected 
by localized visual field loss. Points within 
24° from fixation are ranked from the 
most to the least sensitive on the basis of 
these differences, and the general sensitiv- 





Fig 4.—Example of paracentral defect that is more obvious in probability maps (C) than in conventional printouts (A, B). 
Only total deviation probability map is shown, but pattern deviation probability map was almost identical. 





Fig 5.—Series of fields, where defect in probability maps (B) “precedes” obvious defects in conventional printouts (A). 
Total deviation and pattern deviation probability maps were similar. 
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ity level is calculated from the measured 
value of the seventh-best point. Phrased 
otherwise, the deviation from age-cor- 
rected normal at this point is subtracted 
from all deviations (Fig 2, D). 

The purpose of this procedure is to focus 
on localized field loss as opposed to diffuse 
loss of sensitivity. Diffuse loss is a common 
but nonspecific finding, often caused by, 
for example, cataract or pharmacologically 
induced miosis. 

In normal cases and cases with small 
defects, the two probability maps are simi- 
lar, in the absence of media opacities and 
miosis. 

RESULTS AND EXAMPLES 


In cases with clear-cut visual field 
loss, the empiric probability maps 
behave as expected, confirming the 
field defect (Fig 2). Often, however, 
the extension of the defect may be 
more obvious in the probability maps 
than in the conventional representa- 
tions (Fig 3). This is partly due to the 
fact that in the conventional gray- 
scaled threshold maps, the normal 
decrease of sensitivity with eccentrici- 
ty results in a darkening of the nor- 
mal field with increasing distance to 
the point of fixation. These darker 
normal shades may make pathologic 
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areas less obvious. In the probability 
maps, on the other hand, the symbol 
representing the test result at each 
point does not normally change with 
eccentricity, but only with the signifi- 
cance of the measured threshold val- 
ue. 
Shallow visual field defects in the 
paracentral area are often more obvi- 
ous in the probability maps than in 
traditional threshold printouts (Fig 
4). It is also quite common to see 
changes in the probability maps that 
precede obvious field loss in the 
threshold maps or the numeric devia- 
tion maps (Fig 5). 

Since the probability maps are 
based on empiric data, they have the 
ability to deemphasize common false- 
positive patterns (Fig 6). 

The generalized depression of sensi- 
tivities caused by a cataract results in 
a high number of significantly de- 
pressed points in the total deviation 
probability map. However, since the 
shape of the depressed hill of vision is 
essentially normal, the pattern devia- 
tion probability map is normal, dem- 
onstrating the absence of localized 
field defects (Fig 7). 





Fig 6.—Common false-positive patterns, like this superior eyelid- or rim-induced artifact in normal 
subject (A), are deemphasized in total deviation probability map (B). 





Fig 7.—Visual field in patient with cataract and visual acuity of 20/100. Total deviation 
probability map (B) contains large number of significant points. Higher significances paracentrally 
as compared with periphery is explained by higher physiologic variability in latter area. Pattern 
deviation probability map (C) is almost ‘‘clean,"’ indicating that visual field loss is diffuse, while 
localized field defects are missing. Lack of true localized field loss was later confirmed by normal 
field after cataract extraction. 
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COMMENT 


Simple rules of thumb cannot ade- 
quately describe the complex normal 
variability of measured static thresh- 
old values, and it is impossible to 
memorize all the various limits 
required to reach statistical signifi- 
cance across the visual field. The com- 
puter of the perimeter, however, can 
easily calculate and graphically dis- 
play these probabilities on the basis of 
the distributions in a large pool of 
normal data. Thus, computerization 
makes possible the routine use of 
empirically based approaches. 

In cases with obviously normal or 
clearly abnormal test results, empiric 
probability maps do not add much, 
but only confirm the findings of the 
conventional printouts. In the gray 
zone between clearly normal and 
clearly abnormal fields, however, 
these maps may offer considerable 
help. Thus, they allow early recogni- 
tion of shallow but significant field 
loss in the paracentral area of the 
visual field, where normal variability 
is quite low, and where, for example, 
early glaucomatous field loss often 
occurs. Furthermore, they help the 
physician disregard common false 
defects, eg, those induced by drooping 
eyelids or trial lens artifacts. Proba- 
bility maps based on the more sim- 
plistic assumption of constant and 
gaussian threshold variability, with 
an interpatient SD of 2.4 dB across the 
visual field,’ cannot achieve this. 
They will instead frequently yield 
large numbers of falsely significant 
points, particularly in the midperiph- 
ery.” 

Empiric probability maps are 
examples of computer-assisted analy- 
ses. Presently no computerized meth- 
ods of visual field analysis can suc- 
cessfully replace the image-analyzing 
capacity of the human user. This 
human analysis of perimetric images 
is not eliminated, but facilitated and 
enhanced if the perimetric test results 
are displayed in the format of an 
empiric probability map. The spatial 
relation of points with depressed sen- 
sitivity is often helpful in deciding 
whether a particular field is normal 
or abnormal. Missed points are clini- 
cally more important if occurring in 
typically pathologic, eg, arcuate, pat- 
terns than if haphazardly scattered 
across the field. For the interpreta- 
tion of single fields, it therefore 
makes more sense to rely on empiric 
probability maps, where the spatial 
relations of disturbed points are clear, 
than on visual field indexes.’” The 
latter presently do not take into 
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account the spatial relationship of 
measured points. 

A few words of warning may be 
indicated. The probability maps of 
inexperienced or unreliable subjects 
may indicate falsely significant 
defects. The probability maps have 
been designed for results from 
patients with at least some previous 
perimetric experience and for tests 
meeting certain minimum reliability 
criteria (<20% fixation losses, <33% 
false-positive answers, and <33% 
false-negative answers). While most 
normal subjects reach adequate sensi- 
tivity levels at the first tests, a signif- 
icant minority need some perimetric 
experience before doing so.” In the 
latter, the first tests are typically 
characterized by concentric contrac- 
tions, with gray-scaled threshold 
printouts that are dark in the periph- 
ery and probability maps showing sig- 
nificant depression of sensitivity in 
the same area. Similarly unreliable 
field tests show large intersubject 
variation.“ If the maps had been 
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designed to accommodate the exces- 
sive variation of unreliable tests or 
tests from inexperienced patients, 
their sensitivity would have decreased 
in an undesirable way. In the most 
peripheral part of the central 30°, 
field variability is high even in reli- 
able tests of experienced subjects. 
Therefore, true shallow defects in this 
area may occasionally fail to reach 
significance. 

It must also be remembered that 
some points are likely to reach statis- 
tical significance just because of the 
large number of tested points in each 
visual field. The presence of a few 
significant points should therefore 
not be taken as evidence of abnormal- 
ity. Furthermore, measured threshold 
values of neighboring points are posi- 
tively correlated,” not only in patho- 
logic fields but also in normal fields. 
Therefore, small clusters of moderate- 
ly significant points may sometimes 
occur also in normal subjects.” 

Since the pattern deviation proba- 
bility maps assume an unaffected 
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fields. 
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Vitreous Fluorophotometry in Carriers of Choroideremia 


and X-linked Retinitis Pigmentosa 


Mark M. Rusin, MS; Gerald A. Fishman, MD; Juli A. Larson; Leonardo D. Gilbert, COT 


è The status of the blood-retinal barri- 
er (BRB) in carriers of choroideremia and 
X-linked retinitis pigmentosa (XLRP) was 
determined by vitreous fluorophotometry 
(VF) and compared with that in female 
control subjects. Electroretinographic 
(ERG) amplitudes were measured to 
determine the overall functional integrity 
of retinal rods and cones. Comparison of 
the VF results showed an abnormal BRB in 
at least some carriers of XLRP, particular- 
ly those with peripheral fundus pigmen- 
tary changes, but not in carriers of choroi- 
deremia with even moderately extensive 
pigmentary changes. The abnormal BRB 
in XLRP carriers, with or without peripher- 
al fundus pigmentary changes, was asso- 
ciated with at least moderate to moder- 
ately extensive reduction in scotopic ERG 
amplitudes, while the normal VF results in 
choroideremia carriers were associated 
with normal scotopic ERG amplitudes. 
However, in XLRP carriers, mild to modest 
reductions in ERG scotopic responses 
were seen in the presence of normal VF 
findings. 

(Arch Ophthalmol 1989; 107:209-2 12) 


changes, found either with reductions 
(XLRP) or without reductions (choroi- 
deremia) in ERG amplitudes, would 
be associated with a breakdown of the 
BRB. 


SUBJECTS AND METHODS 


Included in this study were ten XLRP 
carriers (mean age, 41.7 years; range, 19 to 
55 years) and eight choroideremia carriers 
(mean age, 37.4 years; range, 12 to 59 
years). All carriers had best corrected 
visual acuities of 20/40 or better in at least 
one eye (Table 1). Nine of the ten female 
subjects in the retinitis pigmentosa group 
were obligate carriers, as they had affected 
sons (seven patients) or affected fathers 
(two patients). One patient was at 50% 
risk (aunt of the proband) and had periph- 
eral pigmentary changes in each eye. Eight 
of the ten XLRP carriers exhibited a tape- 
tallike reflex in both eyes (Fig 1). The 
diagnosis of XLRP was made by pedigree 
analysis, which showed an absence of 
male-to-male transmission and a mini- 
mum of two male relatives known to be 
affected with an early onset of night blind- 
ness and visual impairment. Within each 
pedigree, male subjects were affected to a 


Table 1.—Ocular Findings in XLRP and Choroideremia Carriers * 


greater degree than female subjects. In the 
choroideremia group, six of the eight 
female subjects were obligate carriers, as 
they had affected sons (four patients) or 
affected fathers (two patients). Two 
patients were at 50% risk (sisters of the 
proband). All of the choroideremia carriers 
had variable degrees of pigment mottling 
or a “moth-eaten” fundus appearance 
throughout the posterior pole and midpe- 
ripheral retina (Fig 2). Patients with sys- 
temic hypertension or diabetes mellitus 
were not included for study. 

An ophthalmic examination was per- 
formed by one of us (G.A.F.), including 
best corrected visual acuity with the use of 
a Snellen projection chart with a cali- 
brated luminance. The pupils were dilated 
with drops of 1% tropicamide and 10% 
phenylephrine hydrochloride. A fundus 
examination with both direct and indirect 
ophthalmoscopy was performed, with care- 
ful attention paid to the presence of a 
tapetallike reflex or pigmentary degenera- 
tive changes. 


VF Scans 


Each of the carriers received a 14 mg/kg 
injection of 25% fluorescein sodium into 
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latus.’ The focus of this study was to 
determine any abnormalities of the 
BRB in carriers of X-linked retinitis 
pigmentosa (XLRP) and choroidere- 
mia by vitreous fluorophotometry 
(VF). Further, we wished to deter- 
mine if impairment in BRB function 
in these patients was associated with 
reductions in electroretinographic 
(ERG) amplitudes and whether the 
presence of retinal pigmentary 
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Fig 1.—Fundus photograph from left eye of carrier of X-linked retinitis 
pigmentosa showing tapetallike reflex within macula. 
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Table 2.—Vitreous Fluorophotometry (VF) and Electroretinography (ERG) 
in X-linked Retinitis Pigmentosa Carriers * 
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Fig 2.—Photograph from left eye of carrier of choroideremia showing 
mottled, ‘‘moth-eaten’”’ appearance of retina from regions of hypopig- 


mentation and hyperpigmentation most dense within midperipheral 


retina. 
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* PV indicates posterior vitreous; MV, midvitreous; PW, photopic white; SW, scotopic white; ND, nondecta- 
ble; SB, scotopic blue; and 30 Hz, 30-Hz flicker amplitude. 

tX-linked retinitis pigmentosa carrier penetration ratio (mean + SD): PV, 5.2 + 5.0: MV, 4.1 + 6.2. Normal 
control penetration ratios (mean + SD): PV, 3.3 + 1.1; MV, 0.6 + 0.7. 

Normal ERG b-wave amplitudes: PW, >90 aV; SW, = 400 uV; SB, > 190 uV; and 30 Hz, > 13.5 uV. 


§Abnormal VF and ERG values. 


the antecubital vein, and VF scans (Fluo- 
rotron Master, Coherent Medical Division, 
Palo Alto, Calif) of both eyes were per- 
formed at the following time intervals: 
before injection, two to five minutes after 
injection, 11 to 15 minutes after injection, 
and one hour after injection. The scans 
began posteriorly over the macula and 
extended anteriorly to the cornea. 
Subtraction of the preinjection scan 
from the measurement scan at one hour 
(M — P) minimized the contribution of nat- 
ural fluorescence, mainly from the lens. An 
area of 2 to 4 mm in front of the chorioret- 
inal peak (five measurements averaged) 
was used to obtain posterior vitreous fluo- 


rescence values. As this area has previous- 
ly been shown to be relatively free from the 
influence of the chorioretinal spread func- 
tion,** no correction was made for the 
spread function of the fluorescence of the 
chorioretinal peak on readings taken in the 
vitreous. 


Plasma Fluorescein Measurement 


Blood samples were taken ten minutes 
and one hour after injection and were 
centrifuged to obtain the plasma. These 
samples were then diluted in phosphate 
buffer (pH, 7.45), 200 times and 100 times, 
respectively, to minimize binding and 
quenching. The plasma fluorescence was 
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then measured in optical microcuvettes in_ 
front of the fluorophotometer. A one-hour 
plasma integral was calculated by means 
of the “log-log plasma program” by insert- 
ing the ten-minute and one-hour plasma 
fluorescein values into the following for- 
mula: log(plasma concentration) = a+b 
log(t), where a and b are constants that can 
be determined by two or more measure- 
ments and tis the time after injection.® The 
integral of the plasma fluorescein concen- 
tration over time reflected the amount of 
fluorescein to which the BRB was exposed. 
until the final measurement was per- 
formed. The first three minutes during 
which time fluorescein reaches its maxi- 
mum were ignored. 


Calculation of the Penetration Ratio 


We used the ARVO 85 (Coherent) analy- 
sis portion of the program to correct the 
measurement (one hour) scan by subtract- 
ing the preinjection scan, aligning both 
chorioretinal peaks and corneal peak 
reflection at the 8-ng level. The average 
value of the posterior vitreous measure- 
ment, 2 to 4 mm in front of the chorioreti- 
nal peak, minus the preinjection scan 
(M — P) was computed by the program. 

This posterior vitreous average value 
was divided by the fluorescein plasma inte- 
gral to obtain the posterior vitreous pene- 
tration ratio (PVPR). This ratio reflects 
the amount of fluorescein having penetrat- 
ed into the posterior vitreous for a specifie 
amount of fluorescein that has circulated 
in the blood over time. A similar procedure 
enabled us to compute the midvitreous 
penetration ratio (MVPR), an area 8 to 10 
mm in front of the chorioretinal peak. 

These penetration ratios were then com- 
pared with normal values from ten age- 
similar female subjects. The normal PVPR 
and MVPR values for the ten female sub- 
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jects (mean + SD) were 3.3 + 1.1 x 10°°/ 
min and 0.6 + 0.7 X 10°°/min. 
ERG Amplitude Recordings 

The ERG recording procedure has previ- 
ously been described.’ In brief, photopic 
(cone) responses were recorded with a 7- to 
8-foot-lambert background intensity using 
the I-16 stimulus intensity on a photostim- 
ulator (Grass PS-22, Grass Instruments 
Co, Quiney, Mass). After 30 minutes of 
dark adaptation, a high-intensity I-16 
white light and low-intensity blue light 
were used to sample a combined cone and 
rod response and pure rod response, 
respectively. A 30-Hz flickering orange-red 
stimulus was then employed to detect an 
isolated cone response. Findings were com- 
pared with those for an age-similar control 
population (N = 50). Lowest limits for nor- 
mal ERG b-wave amplitudes were as fol- 
lows: photopic white, =90 „V; scotopic 
white, =400 uV; scotopic blue, =190 uV; 
and 30-Hz flicker, =13.5 uV. A result was 
considered abnormal if it exceeded a 90% 
tolerance limit with 90% coverage for the 
similarly aged population. 


RESULTS 


The PVPR and MVPR and ERG 
amplitudes are shown for XLRP carri- 
ers in Table 2 and for choroideremia 
carriers in Table 3. 

On VF, all the choroideremia carri- 
ers appeared to have normal findings 
for both PVPR and MVPR (Fig 3), 
despite the presence of retinal pig- 
mentary degeneration (Fig 2), while 
six of the ten XLRP carriers had 
abnormal findings (greater than 2 
SDs above normal control values) in 
at least one eye (Fig 4). In these six 
XLRP earriers with abnormal scans, 
an abnormal MVPR was apparent in 
each instance; in four of the six this 
was found in both eyes. In three of the 
six carriers, the PVPR ratio remained 
normal while the MVPR was 


MV 


10 


Distance, mm 





Fig 3.—One-hour fluorophotometric scan from right eye of carrier of 
choroideremia (patient 3, Table 1) showing normal amount of vitreous 
fluorescence. C-R indicates chorioretinal peak; PV, posterior vitreous; 
MV, midvitreous; L, lens; AC, anterior chamber; and Eq, equivalents. 
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increased. This occurred in two eyes of 
two carriers and in one eye of the 
third carrier. 

Statistical analysis was performed 
for three groups of carriers: XLRP 
carriers with peripheral pigmentary 
changes, those XLRP carriers without 
clinically apparent pigmentary 
changes, and choroideremia carriers. 
An analysis of variance protocol was 
employed first to compare the posteri- 
or penetration ratios of the two XLRP 
carrier and choroideremia groups 
with that of controls. The resultant 
level of significance taken as a whole 
for the PVPR was P < .025. A similar 
comparison was made to assess the 
MVPRs as a whole, with a finding of 
P < .001 for significance. The above 
levels of significance suggested the 
value of additional statistical analy- 
sis. 


cite da cia Tu a A 
g sÀ a 7 ETDE Ai 


We further examined our data with 
the use of the one-tailed Dunnett’s 
test for an individual comparison of 
carrier group means.’ The levels of 
significance for the PVPR and MVPR 
were as follows: XLRP with peripher- 
al pigmentary changes, P < .01; XLRP 
without peripheral pigmentary 
changes, P > .05; and choroideremia 
carriers, P > .05. 

Eight of the ten XLRP carriers test- 
ed showed subnormal ERG ampli- 
tudes. In all eight carriers, this 
involved both photopic and scotopic 
function (Table 3). One of the seven 
choroideremia carriers tested by ERG 
showed mildly subnormal amplitudes 
for both cone and rod ERG function. 
Two others showed minimal impair- 
ment in cone function, one selectively 
to the 30-Hz flicker stimulus and the 
other to a photopic white stimulus in 


Table 3.—Vitreous Fluorophotometry (VF) and Electroretinography (ERG) 
in Choroideremia Carriers * 


VF Penetration 
Ratios, X10~°®/mint 


Patient PV 


1 30 O41 339 Ql 110 460 O 230 4 
42 03 27 0.6 80§ 470 180 90 490 200 7 





30Hz PW SW 


220 15.5 100 44 1 


4 14 9 1 


in Oy 2.4 


6 39 04 38 0.2 120 550 260 12§ 110 540 250 12.5§ 
7 25 02 23 QZ 109 450 200 18 90 440 190 15 
8 39 08 26 0.2 90 450 150§ 11§ 90 510 200 9§ 






* PV indicates posterior vitreous; MV, midvitreous; PW, photopic white; SW, scotopic white; SB, scotopic 


blue; and 30 Hz, 30-Hz flicker amplitude. 


tChoroideremia carrier penetration ratios (mean + SD): PV, 3.3 + 0.7; MV, 0.4 + 0.4. Normal control 
penetration ratios (mean + SD): PV, 3.3 + 1.1; MV, 0.6 + 0.7. 
Normal ERG b-wave amplitudes: PW, =90 aV; SW, = 400 aV; SB, = 190 uV; and 30 Hz, = 13.5 uV. 


§Abnormal ERG values. 
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Fig 4.—Abnormal one-hour fluorophotometric scan from left eye of 
carrier of X-linked retinitis pigmentosa (patient 2, Table 1) demon- 
strating increase in fluorescence within vitreous. C-R indicates chorior- 
etinal peak; PV, posterior vitreous; MV, midvitreous; L, lens; AC, 


anterior chamber; and Eq, equivalents. 
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one eye only (Table 3). In 13 eyes from 
the XLRP carriers, the scotopic ERG 
amplitudes were reduced. In nine of 
these eyes, VF penetration ratios were 
found to be increased. In all nine eyes 
MVPR values were increased, while in 
four eyes PVPR values were also 
increased. In the four eyes in which 
penetration ratios were not increased 
in the presence of reduced scotopic 
b-wave amplitude reductions, ERG 
scotopic amplitudes were reduced only 
9% to 20% (scotopic white) or 10% to 
26% (scotopic blue) below normal. In 
nine eyes from XLRP carriers that 
showed increased penetration ratios 
and on which ERG recordings were 
obtained, scotopic ERG amplitudes 
were reduced in all nine. 

In XLRP carriers, the presence of 
peripheral pigmentary changes was 
predictably associated with an in- 
crease in at least the MVPR as well as 
a reduction in ERG scotopic and pho- 
topic amplitudes. In choroideremia 
patients, pigmentary changes were 
not associated with either a break- 
down in the BRB or reductions in 
scotopic ERG amplitudes. 


COMMENT 


An abnormal BRB, as determined 
by an increase in the penetration ratio 
of particularly the midvitreous, was 
predictably found in XLRP carriers 
when appreciable reduction (approxi- 
mately 40% or greater) in scotopic 
ERG amplitudes were apparent and 
when peripheral pigmentary abnor- 
malities were present. However, 
despite the presence of even extensive 
pigmentary changes in choroideremia 
carriers, the BRB was intact by vitre- 
ous fluorophotometry. Scotopic ERG 
amplitudes were also found to remain 
normal, or, in one instance, minimally 
reduced, in choroideremia carriers. 
This latter finding is consistent with 
that of Sieving and coworkers,’ who 
found normal ERG recordings in car- 
riers of choroideremia. 

These data support the conclusion 
that abnormal BRB function in XLRP 
carriers likely occurs primarily after 
appreciable reductions in scotopic 
ERG function are apparent. Although 
peripheral pigmentary changes are 
often present when ERG amplitude 
reductions are found, this clinical fea- 
ture is not necessary before an abnor- 
mal BRB is measurable; however, as a 
group, the BRB function in carriers 
without peripheral pigment did not 
differ statistically from that of the 
control group. In one carrier without 
clinically apparent peripheral pig- 
mentary abnormalities and an abnor- 
mal BRB with increase of fluorescence 
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without both the posterior vitreous 
and midvitreous, the patient’s scotop- 
ic ERG b-wave amplitude was moder- 
ately extensively reduced. Initial find- 
ings on fluorophotometry with the use 
of prototype technology and proce- 
dures that did not employ current 
correction factors for plasma fluores- 
cein and natural fluorescence showed 
mildly abnormal BRB function in 
XLRP carriers without peripheral 
pigment and normal ERG record- 
ings.’ 

Peripheral pigmentary changes, in 
the form of bone spicule-like clump- 
ing, are, however, predictably associ- 
ated with a breakdown of the BRB. 
This association of a reduction in 
ERG amplitudes and presence of 
peripheral pigment with a breakdown 
of the BRB was previously noted in 
affected patients with various genetic 
types of retinitis pigmentosa and 
cone-rod dystrophy.'* Further, since 
male patients affected with choroider- 
emia have not only extensive pigmen- 
tary degenerative fundus changes but 
also marked reductions in ERG 
amplitudes, it is not surprising that 
abnormalities in BRB function have 
been seen by VF measurements." It is 
of interest that, in the current study, 
the midvitreous was most likely to 
show an increase in fluorescein com- 
pared with the posterior vitreous. 
This implies a more selective break- 
down of the BRB function in the mid- 
peripheral retina and/or structural 
changes in the vitreous that allowed 
for a greater accumulation of fluores- 
cein dye within the midvitreous. In 
three XLRP carriers the PVPR was 
normal while the MVPR was abnor- 
mal, suggesting that the findings 
reflect a primarily greater impair- 
ment in the midperipheral retina, 
which is known to occur in patients 
with retinitis pigmentosa. Our data 
further suggest that ERG recordings 
are more sensitive than VF measure- 
ments of the BRB in the ascertain- 
ment of XLRP carriers, since four of 
our carriers showed an ERG ampli- 
tude reduction with normal VF find- 
ings in at least one eye. Our findings 
of a normal VF determination in at 
least some XLRP carriers is consis- 
tent with similar findings by Larsen 
and coworkers.? The normal BRB 
function in choroideremia carriers 
compared with XLRP carriers under- 
pins the likely different pathogenetic 
mechanisms between these two disor- 
ders. The findings also emphasize that 
clinically apparent alterations of the 
retinal pigment epithelium are not 
necessarily accompanied by a break- 
down in the BRB. This was also noted 
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in VF studies of patients with fundus 
flavimaculatus.’ Our findings suggest 
that diffuse degeneration of retina] 
photoreceptor cells, as determined by 
ERG amplitude reduction, is associat- 
ed with a breakdown of the BRB func- 
tion even when pigmentary changes of 
the retina are not apparent. This 
observation is also consistent with 
findings in some patients with cone- 
rod dystrophy. 

More investigation will be neces- 
sary to determine whether VF mea- 
surements will be useful for monitor- 
ing the progressive course of retinal 
degeneration seen in patients with 
various pigmentary disorders of the 
retina or are of value in monitoring, 
on a quantitative basis, the results of 
future means of therapeutic interven- 
tion. 
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-Bietti’s Crystalline Dystrophy 


_ A Clinicopathologic Correlative Study 


we 
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Robert B. Welch, MD; W. Richard Green, MD 


@ We report the clinical and electro- 
physiologic findings in three patients with 
Bietti’s crystalline corneal-retinal dystro- 
phy. The initial evaluation in one patient 
demonstrated diffuse disease involving 
retinal pigment epithelium and choriocap- 
illaris with severe widespread distur- 
bance of retinal function. The patient's 
disease progressed greatly from the age 
of 36 to 47 years. Two brothers had 
regional involvement of the posterior pole 
with disturbances of retinal function 
attributable to localized disease, and 


‘there was only mild progression in these 


patients. A corneal biopsy specimen from 
the more severely affected patient and 
biopsy specimens from a patient whose 
case had been previously reported dem- 
onstrated crystals resembling cholesterol 
or cholesterol ester and complex lipid 
inclusions in corneal and conjunctival 
fibroblasts. Similar inclusions were 
present in circulating lymphocytes, sug- 
gesting that Bietti’s crystalline corneal- 
retinal dystrophy may be due to a system- 
ic abnormality of lipid metabolism. 
(Arch Ophthalmol 1989; 107:213-221) 


n 1937, Bietti'* reported three cases 
characterized by the following: (1) 
a tapetoretinal degeneration with 
small glittering crystals in the poste- 
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rior pole, atrophy of the retinal pig- 
ment epithelium (RPE), and choroidal 
sclerosis; (2) sparkling yellow crystals 
in the superficial paralimbal cornea; 
and (3) onset usually in the third 
decade. To date, 74 cases of Bietti’s 
crystalline retinopathy have been 
reported, including patients from 
Europe,'* Qatar, Algeria,’ Brazil,” 
China, Japan,'?'5?° Lebanon,” and 
the United States.” The occurrence of 
Bietti’s crystalline corneal-retinal 
dystrophy in siblings'**?"*"*” and in 
the offspring of consanguineous par- 
ents**'°!4!8 makes an autosomal reces- 
sive inheritance pattern likely. 

We have followed up two brothers 
and a third unrelated patient with 
Bietti’s crystalline dystrophy for nine 
to 11 years. This report includes the 
results of serial examinations, color 
photographs, visual field examina- 
tions, and electrophysiologic testing 
to document the clinical course of this 
rare disease. In addition, the histo- 
pathologic features of the corneal and 
conjunctival crystals are presented, 
based on findings from a biopsy speci- 
men of our patient 1 and from biopsy 
specimens of a patient whose case was 
previously reported.” 


MATERIALS AND METHODS 


Ganzfeld electroretinography (ERG), 
dark adaptometry, and electro-oculogra- 
phy (EOG) were performed by previously 
described techniques.”** Visual fields were 
measured by Goldmann perimetry, and the 
resultant data were digitalized and con- 
verted to solid angles (in steradians) by a 
previously described computer program.” 
For comparison with previous testing, the 
solid angles were averaged for two eyes. 
Color vision of each eye was tested sepa- 
rately with the Farnsworth-Munsell 100- 
hue test and the Farnsworth dichotomous 


test (panel D-15), using MacBeth Easel 
lamp (Richmond Products, Boca Raton, 
Fla) illumination. 

Corneal and conjunctival biopsy speci- 
mens were obtained near the limbus, and 
the portion of the tissue for electron 
microscopy was immediately placed in 
buffered 1% glutaraldehyde and 4% para- 
formaldehyde. White blood cells from the 
patients were collected from the buffy coat 
of peripheral venous blood specimens and 
placed in the same fixative. Both the biop- 
sy specimens and white blood cells were 
postfixed in buffered 1% osmium tetrox- 
ide, dehydrated in graded ethyl alcohols 
and propylene oxide, and embedded in 
epoxy resin. Thin sections were stained 
with uranyl acetate-lead citrate and were 
viewed and photographed on a transmis- 
sion electron microscope. Unstained, 4-~m- 
thick frozen sections from a biopsy speci- 
men of a patient whose case was previously 
reported’? were evaluated for the presence 
of cholesterol and cholesterol ester by the 
Schulz reaction and electron dispersive 
analysis. 


REPORT OF CASES 


Case 1.—A 35-year-old Japanese woman 
was first seen in December 1976 when she 
complained of symptoms of poor dark 
adaptation and nyctalopia of four years’ 
duration. She had more recently become 
aware of loss of her peripheral visual field. 
There was no family history of consan- 
guinity or similarly affected immediate 
family members. The dietary history was 
unremarkable for ingestion of foods con- 
taining large amounts of oxalate, and the 
patient denied any prior surgical proce- 
dures under general anesthesia. Her medi- 
cal history was unremarkable, except for 
amenorrhea for several years. 

Her visual acuity was 20/30 OU with a 
correction of —0.50 diopters OD and —0.50 
+0.50 X 75° OS. Examination of the pupils 
and ocular motility revealed normal find- 
ings. Slit-lamp examination showed evi- 
dence of very fine crystals in the limbal 
area of both eyes. Dilated funduscopic 
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Fig 1.—Case 1. Ophthalmoscopic appearance of intraretinal crystals. 
Some crystals are superficial to retinal vessels. Retinal pigment 
epithelial hypopigmentation and presumed atrophy are present, but 
atrophy is not readily apparent in photographs. 


examination showed numerous refractile 
yellow deposits scattered throughout the 
posterior pole and well into the periphery 
(Fig 1). Most of those deposits appeared to 
be in the deep retina, but some were super- 
ficial and overlaid retinal vessels, which 
were normal or only mildly reduced in 
caliber. There were extensive areas of atro- 
phic-appearing RPE. Several areas of 
blotchy pigment clumping were present in 
the midperiphery of both eyes, but only 
rare perivascular pigment accumulation 
was present. 

Fluorescein angiography in the transit 
phase revealed prominence of the medium- 
and large-sized choroidal vessels in the 
midperiphery, indicating probable atrophy 
of the RPE and choriocapillaris (Fig 2). 
There was hyperfluorescence in the poste- 
rior pole corresponding to areas of rela- 
tively preserved choriocapillaris. Later in 
the angiogram, the posterior pole was 
more diffusely hyperfluorescent. The crys- 
talline deposits did not block or transmit 
fluorescence, and the retinal vasculature 
was unremarkable. 

Goldmann visual field testing showed 
contraction of the I-4-e isopter to less than 
10° and scattered midperipheral scotomas 
from approximately 20° to 50° using the 
III-4-e test targets (Figs 3 and 4). Initial 
electrophysiologic testing, performed at a 
different institution, demonstrated an 
undetectable ERG in the right eye and a 
considerably subnormal EOG with dark- 
to-light ratios of 1.55 OD and 1.25 OS 
(normal >1.80). Goldmann-Weekers’ dark 
adaptometry revealed that the cone 
threshold for both eyes was elevated 1.4 log 
units above the age-similar control level 
and with no detectable cone-rod break. The 
30-minute threshold was elevated 3.4 log 


units for both eyes. The threshold for the 
left eye was tested after patching for 14 
hours, and with this prolonged dark adap- 
tation the threshold improved but 
remained elevated 1.3 log units above the 
age-similar control level. 

Initial laboratory evaluation was unre- 
vealing and included normal plasma and 
urine amino acid levels, normal plasma 
lipoprotein and f-sitosterol levels, normal 
serum protein electrophoresis and immu- 
noelectrophoresis, and normal leukocyte 
cellular cystine levels. The patient’s glo- 
merular filtration rate was 71 mL/min 
(normal, 75 to 115 mL/min), and she had 
mild glycosuria at a time when her serum 
glucose level was 4.7 mmol/L. 

In April 1978, conjunctival and corneal 
biopsies were performed, the results of 
which are discussed below. 

During the course of 11 years, the 
patient’s visual acuity diminished from 
20/30 to 20/50 OU, and the crystals in the 
fundus became less numerous. Some new 
crystals appeared, while others disap- 
peared. The retinal vessels became attenu- 
ated, and there was further diffuse atro- 
phy of the RPE and choriocapillaris. 

A repeated ERG, at age 45 years, using 
Ganzfeld stimulation and computer aver- 
aging, failed to detect either cone or rod 
responses (<5 uV). The 40-minute, dark- 
adapted retinal threshold was elevated 3.8 
log units above normal. The patient was 
unable to correctly identify any of the 
pseudoisochromatic color test plates 
(American Optical Hardy-Rand-Rittler). 
The Goldmann visual fields had greatly 
contracted for all isopters tested (Figs 3 
and 4). 

Medical reevaluation at age 47 years 
disclosed moderately elevated cholesterol 


214 Arch Ophthalmol—Vol 107, February 1989 





Fig 2.—Case 1. Fluorescein angiogram of right eye demonstrating 
prominence of medium and large choroidal vessels in areas of 
atrophic-appearing retinal pigment epithelium (RPE) and choriocapil- 
laris. Hyperfluorescent areas in posterior pole represent areas of RPE 
atrophy with relatively intact choriocapillaris. 


and high-density lipoprotein levels with 
normal levels of triglycerides. Renal func- 
tion was normal, based on normal findings 
on urinalysis, and levels of serum urea 
nitrogen and creatinine, and a creatinine 
clearance of 1.8 mL/s (normal, 1.4 to 2.7 
mL/s). A skin biopsy specimen and periph- 
eral white blood cells were obtained and 
processed for electron microscopy. 

Case 2.—A 49-year-old man first seen by 
us in July 1978. He gave an eight-year 
history of nyctalopia and difficulty in 
adjusting to changes in illumination. Four 
years previously, he had been diagnosed as 
having retinitis pigmentosa. He also had a 
brother with similar symptoms (case 3). 
The patient’s dietary and medical history 
were unremarkable. 

When first examined, his visual acuity 
was 20/25 OU with a correction of 
—1.25 + 1.00 Xx 11° OD and —2.00 + 1.50 
x 77° OS. Intraocular pressure, pupillary 
responses, and extraocular movements 
were unremarkable. Biomicroscopy re- 
vealed tiny anterior stromal and subepi- 
thelial crystals in the peripheral cornea 
bilaterally (Fig 5). Dilated fundus exami- 
nation revealed bilateral macular pigment 
mottling and depigmentation or atrophy of 
the RPE with marked prominence of the 
choroidal vessels in the posterior fundus. 
In the posterior pole of both eyes there 
were diffuse, tiny, highly refractile bodies 
within the retina, particularly at the tran- 
sition between relatively normal and atro- 
phic RPE (Fig 6). The peripheral retina 
and RPE were normal in appearance. 

Fluorescein angiography revealed find- 
ings remarkably similar to those in patient 
1 (Fig 6) with the exception that the retina 
in the middle and far peripheries was nor- 
mal. Goldmann perimetry demonstrated an 
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Fig 3.—Visual fields for patient 1 at 36 years of age (top) and 45 years of age (bottom). Note marked contraction of all 
isopters and loss of visibility of l-4-e isopter for right eye at age 45 years. 


incomplete annular scotoma from 10° to 
30° from fixation. Dark adaptation was 
markedly abnormal. The cone segment of 
the curve was elevated 2.0 log units above 
the mean for the patient’s age for the right 
eye and 1.4 log units above the mean for 
the left eye. There was little in the way of a 
cone-rod break, but there was a gradual 
descent to a final 30-minute dark adaptom- 
etry threshold that was 2.3 log units above 
the age-similar mean for both eyes. 

The ERG, at age 49.5 years, demon- 
strated subnormal amplitudes for the b 
wave of dark-adapted rods and dark-and- 
light-adapted cones with normal implicit 
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times (Table). The 30-Hz flicker responses 
were subnormal in amplitude but gave 
normal implicit times. With the greater 
intensity scotopic stimuli, the responses of 
photoreceptors (a waves) were mildly sub- 
normal at the maximal stimulus intensity. 
The b-wave amplitude was subnormal at 
all but the least intensity. The EOG yielded 
an Arden index of 2.14 OD and 1.90 OS 
(normal >1.85). 

Color vision was assessed using the 
Farnsworth dichotomous test (panel D-15) 
and the Farnsworth-Munsell 100-hue test. 
With the dichotomous test, the patient 
arranged the chips correctly with the right 


eye, but he made several minor transposi- 
tion errors with the left eye. With the 
Farnsworth 100-hue test, the patient 
achieved a total-error score of 114 for the 
right eye and 193 for the left eye, with an 
orientation of the errors along a tritan axis 
for each eye. 

Findings from a general medical evalua- 
tion were unremarkable and included nor- 
mal fasting serum amino acid levels. His 
cholesterol level was elevated, but this was 
subsequently normalized by dietary mea- 
sures. 

The patient had an extensive reevalua- 
tion at age 52 years. At that time his visual 
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acuity was 20/20+ OU with a correction of 
—1.75 + 1.25 X 112° OD and —2.00 + 1.50 
X 67° OS. There was little change in the 
findings from the clinical examination, 
except a slight reduction in the number of 
crystals in the retina. The Goldmann 
visual fields were unchanged. Goldmann- 
Weekers’ dark adaptometry revealed no 
change in the right eye. In the left eye the 
cone threshold was elevated 2.1 log units 
above the mean for the patient’s age range, 
while in July 1978, that portion of the curve 
had been elevated only 1.4 log units. The 
ERG revealed similar abnormalities com- 
pared with the ERG from 1978 (Table). 

The patient made several minor transpo- 
sition errors on the panel D-15 with the 
right eye, whereas there were two major 
crossing errors straddling the tritan axis 
with the left eye. Compared with 1978, 
there was a decrease in hue discrimination 
in both eyes as indicated by a Farnsworth- 
Munsell 100-hue test with a total-error 
score of 203 for the right eye and 311 for 
the left eye. Again, there was a marked 
tritan orientation to these errors. 

In October 1983, at age 54 years, several 
of those tests were repeated when the 
patient returned complaining of a decrease 
in vision. At that time visual acuity in his 
right eye was 20/20 and near visual acuity 
Age, y J1; visual acuity in his left eye was 20/60 
and near visual acuity J4. He could no 
longer discern the Goldmann I-2-e test 
object centrally, but the visual field had 
otherwise not worsened. Compared with 
the previous ERGs, there had been mini- 
mal fluctuations in implicit times and 
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Fig 4.—Case 1. Kinetic perimetry. Solid angles for visual field isopters for patient 1 at 36, 45, and 
47 years of age. Only solid angles of seeing (outer boundary minus all scotomas within) were 
plotted because of profound contraction of visual field. Values for both eyes were averaged. 
Significant reductions in solid angles for all isopters occurred for two later time periods. (See Fig 
3 for visual fields for first and second testing sessions.) 
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Fig 5.—Case 2. Slit-lamp appearance of tiny, anterior stromal and subepithelial crystals in peripheral cornea of right eye. 
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amplitudes with no significant change (Fig 
7 and Table). The EOG revealed a decrease 
in the Arden index to a borderline level of 
1.75 in the right eye and to a definitely 
abnormal level of 1.48 in the left eye (nor- 
mal >1.85). In addition, fast oscillations of 
the resting potential were not evident from 
either eye. 

When the patient was seen at age 55.6 
years, his visual acuity had decreased to 
20/25 OD with a near visual acuity of J1, 
and the visual acuity was 20/70+ OS with 
a near visual acuity of J10. The Goldmann 
perimetry isopters had contracted mini- 
mally and the I-4-e central scotoma size 
had increased slightly. By age 57 years, his 
visual acuity had decreased to 20/100 OS. 
Results of a serum chemistry profile uri- 
nalysis, serum urea nitrogen, creatinine, 
creatinine clearance, cholesterol, and high- 
density lipoprotein tests all were normal. 

Visual acuity was unchanged at age 58 
years. Goldmann perimetry and ERGs 
were repeated. When compared over the 
entire nine years of testing, there were 
minor fluctuations in the perimetry solid 
angles and in the ERG responses, but there 
was no significant overall trend. 

Case 3.—This patient is the older broth- 
er of patient 2. He was first examined by us 
when he was 52.7 years of age, in August 
1978, at which time he had a five- or 
six-year history of difficulty with night 
vision. He also complained of moderate 
photophobia. His visual acuity was 20/40 
OD with near visual acuity of Jl; visual 
acuity was 20/30 OS with near visual 
acuity of Jl, with a correction of —2.75 
+ 1.75 X 175° OD and —3.00+ 0.50 X 70° 
OS. Pupillary response and extraocular 
movements were normal. Biomicroscopy 
revealed fine punctate anterior stromal re- 
fractile crystals of the limbus in both eyes. 
Examination of the fundus disclosed re- 
fractile crystals in the posterior retina, in- 
volving the right eye more than the left 
(Fig 8). There was RPE atrophy and prom- 
inence of the medium- and large-sized cho- 
roidal vessels in the posterior pole in both 
eyes. Although small, brown pigment 
clumps were present in the midperipheries 
in both eyes, the middle and far peripheries 
were relatively normal. The retinal vessels 
and optic nerve were normal. Fluorescein 
angiography revealed patchy regional mac- 
ular hypofluorescence from loss of chorio- 
capillaris and RPE. Other areas with RPE 
atrophy, but an intact choriocapillaris, 
were hyperfluorescent (Fig 8). 

The Goldmann visual field demonstrated 
a centrocecal scotoma in both eyes. With 
Goldmann-Weekers’ dark adaptometry in 
the right eye, the cone segment of the curve 
was elevated approximately 1.0 log unit at 
five minutes. A cone-rod break was present 
at six minutes, and the final 30-minute rod 
threshold was elevated 1.0 log unit above 
the mean level for the patient’s age range. 
With the left eye, the cone segment of the 
curve was elevated 2.2 log units above the 
mean, and the final 30-minute threshold 
was 3.3 log units above the mean. No 
cone-rod break was present. The ERG was 
remarkably normal when compared with 
the ERG of patient 2 (Fig 7 and Table). The 
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Fig 6.—Case 2 (age 52 years). Fundus photograph (top) and fluorescein angiogram (bottom) 
showing transition zone between abnormal retina (posterior) and normal peripheral retina. 
Intraretinal crystals are particularly prominent in transition zone. 


x-wave amplitudes (the cone portion of the 
dark-adapted waveform to a long wave- 
length stimulus) were at the lower level of 
normal. The scotopic and photopic b-wave 
implicit times were normal. The EOG was 
normal (Arden index of 2.12 in the right 
eye and 2.04 in the left eye). 

Color vision was abnormal. With the 
Farnsworth D-15 panel, there was only one 
mild transposition error for the right eye; 
with the left eye, however, there were 
seven major crossing errors with no dis- 
cernible axis. With the Farnsworth-Mun- 
sell 100-hue test, the total-error score was 
156 in the right eye, with a suggestion of a 


tritan orientation to the errors. In the left 
eye, the total-error score was 655, with no 
discernible axis. 

The patient was reevaluated at age 61 
years. His best-corrected visual acuity 
in the right eye had decreased to 20/50+ 
with near visual acuity of Jl, and visual 
acuity in the left eye had decreased 
to 20/40— with near visual acuity of J2. 
He read none of the pseudoisochromatic 
diagnostic color test plates correctly. 
The Goldmann perimetric visual fields 
had not changed during the previous 
nine years. The corneal crystals were 
still evident at the temporal limbus, but 
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Electroretinographic Responses 





Scotopic 
a a U U 
Balanced Blue 
and Red Light* 
















uuaa Bright Lightt 
Rod Cone er 30-Hz Flicker 
b-Wave x-Wave a-Wave b-Wave b-Wave —_—_—_—_—__  —_. 
Amplitude, Amplitude, Amplitude, Amplitude, Implicit Amplitude, implicit 
Age, y uV HV uV uV Time, ms uV Time, ms 








Patient 2 





49.5 183 142 203 303 51.0 A a ERE 
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Patient 3 - 4 i 
52.7 257 200 220 410 52.0 


329 + 123 309 + 100 314 + 102 536 + 138 49.6 + 7.8 




















107 + 56 28.8 + 3.5 





Control, mean + 2 SDs§ 





*The scotopic rod b-wave and cone x-wave responses were elicited with a photostimulator (Grass Instruments, Boston) intensity setting of 16; the blue and red filters 
described by Weleber2° were used. 

tThe stimulus intensity for the scotopic bright light a- and b-waves and the photopic cone a- and b-waves was 0.16 log foot-lambert seconds. 

The stimulus intensity for the 30-Hz flicker was photostimulator (Grass) intensity 8. NT signifies that these stimulus conditions were not tested. 

§Age-adjusted normal values were used only for responses that show significant variation with age.?3 Thus, the scotopic rod, scotopic bright light, and photopic cone 
b-wave amplitudes were compared with normal values adjusted for age 55 years. The dark-adapted cone x-wave and scotopic bright light and photopic cone a-wave 
amplitudes and the scotopic and photopic implicit times were compared with age-pooled data. 


Normal Patient 2 Patient 3 
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30 Hz (No Background) 


EE AAAAAA 


Photopic 
+0.16 
—0.58 
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Fig 7.—Electroretinograms (ERGs) for patient 2 at 54 years of age and patient 3 at 52 years of age compared with those of 
normal control. Right and left eye ERGs were averaged together to produce tracings for patient 2 and normal control. To 
serve as calibration for amplitudes, stimulus spikes for the 30-Hz flicker and photopic and scotopic responses have been set 
by computer at 50, 50, and 75 „V for patient 2 and at 75, 75, and 100 uV for normal control. Numbers at left preceded by 1 
indicate photostimulator intensity setting. Values preceded by plus or minus sign indicate integrated light intensity in log 
foot-lambert seconds. For ERG of patient 2 and normal ERG, horizontal time calibration scale is marked for 100 ms. 
Calibration scale for all traces for patient 3 is 40 ms horizontally and 200 mV vertically. The ERG for patient 2 is significantly 
subnormal for both cone- and rod-mediated responses. Responses for patient 3 are within lower ranges of normal. 
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Fig 8.—Case 3 (61 years). Ophthalmoscopic (top) and fluorescein 
angiographic (bottom) appearance of right eye. There is extensive 
macular and some peripapillary retinal pigment epithelial atrophy and 
rare intraretinal crystals that are more prominent in right eye. 


they were much less evident compared 
with previous examinations. The fundus 
appearance and fluorescein angiogram 
showed only slight enlargement of the 
lesions of the posterior pole; again, only 
mild pigment clumping was evident in the 
periphery. 


PATHOLOGIC FINDINGS 


Examination of thin sections of the 
corneal biopsy specimen from patient 
1 showed cleftlike spaces where crys- 
tals had been present. These clefts 
were present within fibroblasts and, 
less commonly, free in the extracellu- 
lar matrix. In addition, complex inclu- 
sions consisting of densely osmio- 
philic material and coarse granular 
material were also present within 
fibroblasts. These latter inclusions 
were sometimes seen adjacent to the 
cleftlike spaces. 

Because the preservation of cellular 
detail was marginal in our specimen, 
and because such crystals had not 
been reported in previous biopsy spec- 
imens of patients with this disease,*” 
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Fig 9.—Low-power (top) and high-power (bottom) ultrastructural 






bottom, X64 000). 


we reevaluated the corneal biopsy 
specimen from a patient whose case 
had been previously reported. Nu- 
merous, similar inclusions’ were 
present in that well-preserved speci- 
men (Fig 9). The inclusions were 
present within keratocytes and, less 
commonly, within conjunctival fibro- 
blasts. The inclusions were not clearly 
membrane bound and measured 1 to 3 
um in length and 0.033 to 0.2 um in 
width. Complex lipid inclusions, simi- 
lar to those in patient 1, were also 
present and occasionally they were 
adjacent to the cleftlike inclusions 
(Fig 9). 

Examination of the buffy coat of a 
peripheral blood sample from patients 
1, 2, and 3 revealed that similar inclu- 
sions were present in lymphocytes 
(Fig 10). No abnormal inclusions were 
found in the skin biopsy specimen 
from patient 1. 

COMMENT 

The clinical features in our three 

patients were strikingly similar to 


appearance of numerous Cleftlike spaces, similar to those in patient 1, 
in keratocytes of well-preserved specimen. Spaces are not Clearly 
membrane bound. Most of original material in these clefts was lost 
during processing, but in one cleft a thin perimeter of densely 
osmiophilic material (arrow) remains (from Welch'*) (top, X 13000; 





those reported by Bietti.'? The corneal 
crystals were very fine and difficult to 
see, even with the slit lamp. The reti- 
nal crystals were more striking, were 
present in all retinal layers, and were 
more numerous in the posterior pole 
and at the transition between normal 
and atrophic-appearing RPE. Fluo- 
rescein angiography demonstrated 
discrete areas of hypofluorescence in 
which the medium-sized choroidal 
vessels were apparent, suggesting 
atrophy or depigmentation of the 
RPE and choriocapillaris atrophy. 
The adjacent areas were hyperfluor- 
escent early and late with normal 
overlying retinal vessels. The hyper- 
fluorescent areas probably repre- 
sented areas of RPE atrophy with 
relatively intact choriocapillaris. Yo- 
shida and coworkers” have suggested 
that the outer blood-retinal barrier is 
incompetent based on their vitreous 
fluorophotometric study of one pa- 
tient. 

Long-term follow-up of our patients 
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demonstrated slowly progressive loss 
of visual function as assessed by the 
patients’ symptoms, visual acuity, 
visual fields, color vision, and electro- 
physiologic test results (as detailed 
above). The progressive loss of vision 
in our patients is similar to that 
reported by others.*!*?° Because of the 
considerable variations in clinical 
findings and retinal function test 
results, the possibility of heterogene- 
ity exists in Bietti’s crystalline dys- 
trophy. 

Three stages of evolution have been 
proposed to help explain the great 
differences seen clinically.” Stage 1 is 
associated with only RPE disease; 
stage 2 also includes localized chorio- 
capillaris atrophy; and stage 3 
involves diffuse choriocapillaris atro- 
phy. Although in time most patients 
presumably pass from stage 1 to stage 





2, to our knowledge no patients have 
ever been known to progress from 
purely localized to regional disease 


with preserved peripheral retinal 
function to diffuse disease of the 
entire retina. 

The initial evaluation in our first 
patient demonstrated diffuse involve- 
ment of both the RPE and choriocap- 
illaris with corresponding severe 
widespread disturbance of retinal 
function, as evidenced by the unde- 
tectable ERG and the severely dis- 
turbed initial visual field. The visual 
field defects in patient 1 progressed 
greatly from 36.5 to 47.0 years of age 
in association with diffuse atrophy of 
the RPE and loss of choriocapillaris 
throughout the fundus. 

Patients 2 and 3 had regional 
involvement essentially limited to the 
posterior pole with disturbances of 
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Fig 10.—Case 1. Ultrastruc- 
tural appearance of crystal- 
line spaces (arrows) vari- 
ably combined with granular 
and osmiophilic material in 
* peripheral blood lympho- 
cytes (top left, X 13 000; top 
right, X 110 000; bottom left, 
x44000; bottom center, 
x20000; bottom right, 
x22 000). 


retinal function attributable to local- 
ized disease. Although patient 2 lost 
central vision in the left eye from 
macular involvement and fluctuations 
were seen in the visual field solid 
angles, no significant overall loss of 
visual field was evident from 49.5 to 
58.5 years of age. The ERG remained 
stable but the EOG became abnormal 
for the first time. No significant wors- 
ening of the visual field was seen in 
patient 3 from 52 to 61 years of age. 
We believe that the retinal dystrophy 
in these two brothers represents a 
more benign regional or localized 
form of the disease compared with 
the more diffuse disease seen in pa- 
tient 1. 

Despite the possibility that some 
patients with Bietti’s crystalline dys- 
trophy may have a more localized and 
less severe form of the disease, one 
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should not underestimate the severity 
of visual loss in these patients. Our 
patients, and many of those whose 
cases have been reported in the litera- 
ture, have maintained fairly good 
vision, but they are symptomatic 
because of their poor dark adaptation 
and paracentral scotomas. 

Electron microscopy of the biopsy 
specimen from patient 1 and the recut 
of the biopsy specimen from a patient 
whose case had been previously 
reported? demonstrated crystals 
within corneal and conjunctival fibro- 
blasts and, less frequently, in the 
extracellular space. Complex lipid 
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mit ‘Dystrophia marginalis cristallinea cornea’): 
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inclusions were present in the same 
cells. Circulating lymphocytes con- 
tained similar crystals and inclusions, 
indicating that Bietti’s crystalline 
dystrophy most likely results from a 
systemic metabolic abnormality. 

The appearance of the crystals is 
similar to that of the cholesterol-ester 
crystals seen in cholesterol-ester stor- 
age disease” and the cholesterol crys- 
tals reported by Rodrigues et al” in 
Schnyder’s crystalline dystrophy. We 
were unable to confirm the chemical 
nature of the crystals by histochemi- 
cal or electron-dispersive analysis. 
However, those two methods are 
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probably not sensitive enough to ana- 
lyze the tiny crystals identified by 
electron microscopy. Further charac- 
terization of the metabolic defect in 
Bietti’s syndrome may be possible by 
chromatographic analysis of the lip- 
ids present in circulating lympho- 
cytes. 
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Effects of Optic Atrophy on Retinal Blood Flow and 


Oxygen Saturation in Humans 


Jerry Sebag, MD; Frangois C. Delori, PhD; Gilbert T. Feke, PhD; John J. Weiter, MD, PhD 


è Retinal blood flow and oxygen satu- 
ration were evaluated in patients with 
unilateral inner retinal degeneration sec- 
ondary to neurogenic optic atrophy. Arte- 
riovenous O, saturation for temporal and 
nasal vascular segments of the affected 
eyes, evaluated by retinal vessel oxime- 
try, was 12% + 9% higher than in the 
fellow eyes (seven patients). Blood flow in 
the temporal retinal arteries of the affect- 
ed eyes, measured by the laser Doppler 
technique, was 48% + 20% lower than in 
the fellow eyes (four patients). The combi- 
nation of these results indicated a 40% + 
29% reduction in O, delivery in the affect- 
ed eyes (four patients), thereby quantify- 
ing the decrease in retinal metabolism 
that resulted from inner retinal degenera- 
tion. 

(Arch Ophthalmol 1989; 107:222-226) 


Abnormal retinal metabolism can 

accompany a variety of disorders 
of the retina and adjacent structures. 
Since alterations in retinal metabo- 
lism can affect retinal oxygen con- 
sumption, evaluating O, delivery can 
provide a means to monitor the level 
of retinal metabolic activity. Patients 
with primary neurogenic optic atro- 
phy and retrograde retinal degenera- 
tion provide a good clinical model in 
which to study the influence of inner 
retinal degeneration on retinal me- 
tabolism. 

We combined the noninvasive tech- 
niques of laser Doppler and retinal 
vessel oximetry to evaluate human 
retinal metabolism in vivo. The laser 
Doppler technique,'? combined with 
measurements of vessel diameter,’ 
measures the retinal blood flow rate 
at discrete, selected points in the reti- 
nal vasculature. Retinal vessel oxime- 
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try*ś measures O, saturation at select- 
ed points in the retinal circulatory 
system. The combination of these 
parameters was used to calculate reti- 
nal O, delivery in a group of patients 
with unilateral inner retinal degener- 
ation secondary to neurogenic optic 
atrophy. 


PATIENTS AND METHODS 


Seven patients with unilateral neuro- 
genic optic atrophy and retrograde inner 
retinal degeneration were studied. These 
patients were selected by chart review of 
the files of several neuro-ophthalmologists 
in the community (see the “Acknowledg- 
ment” section). Inclusion criteria were as 
follows: less than 50 years of age (to mini- 
mize the risk of arteritic ischemic optic 
neuropathy), the presence of unilateral dis- 
ease, no evidence of ischemic optic neurop- 
athy (normal erythrocyte sedimentation 
rate or normal temporal artery biopsy re- 
sults, and a diagnosis of optic neuritis of 
probable demyelinating disease origin with 
or without cerebrospinal fluid analysis. 

There were four women and three men 
ranging in age from 17 to 47 years. There 
was no history of ocular trauma, surgery, 
diabetes, hypertension, or cardiovascular 
disease. The clinical characteristics of this 
population are summarized in Table 1. All 
but one patient (No. 3) had discernible 
defects in the retinal nerve fiber layer of 
the affected eye (by ophthalmoscopy and 
examination of fundus photographs). 

These patients have all been previously 
studied with respect to the effects of neu- 
rogenic optic atrophy on anterior optic 
nerve blood flow. As part of that study,‘ a 
clinical index of disease severity was deter- 
mined as follows: Three experienced clini- 
cians independently examined color slides 
of the disc and peripapillary fundus of each 
eye in all patients and graded the severity 
of disease from 0 to 4 based on the degree 
and extent of optic nerve head pallor and 
the degree of nerve fiber layer dropout. 
Normal fundi were graded as 0. The most 
severe case of optic disc pallor and nerve 
fiber layer dropout in this group was grad- 
ed as 4. All other fundi were ranked in 
order of severity of pallor and nerve fiber 
layer defects and were graded from 0 to 4 
based on the relative (to one another) 
degrees of pallor and nerve fiber layer 
defects. The evaluations were performed in 
a masked fashion, and the scores from the 
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three graders were averaged into a clinical 
index of disease severity for each eye (Ta- 
ble 1). This same clinical index of disease 
severity in the same patients has been 
previously published. 


Noninvasive Measurements 


Written informed consent for all nonin- 
vasive testing was obtained from each 
patient. The pupils were dilated using top- 
ical phenylephrine hydrochloride (2.5%) 
and tropicamide (1.0% ). Measurements of 
O, saturation, blood flow, and retinal ves- 
sel width were performed at comparable 
sites of the retinal vasculature for the 
atrophic and fellow eyes. Measurement 
sites, preselected by reviewing fundus pho- 
tographs, were along sttperotemporal, infe- 
rotemporal, and nasal vessel segments 
that had a corresponding vessel in the 
fellow eye that subserved the same quad- 
rant of the fundus, and were at the same 
number of branches from the central reti- 
nal artery or vein. 

Blood O, Saturation.—The retinal vessel 
oximeter** was used to measure O, satura- 
tion and vessel diameters of the prese- 
lected retinal veins in both eyes of each 
patient. The oximetry technique uses scan- 
ning fundus reflectometry to measure ves- 
sel densities at three wavelengths (A = 558, 
569, and 586 nm). The method compensates 
for light scattering by the red blood cells 
(RBCs), and partially for reflections and 
light scattering in the media and vessel 
walls. The three measured vessel densities 
(DA) are combined in ratio R, defined as: 


R = (Dee — Ds58)/(Dse9 — Ds), (1) 


which is then used to calculate the O, 
saturation by the algorithm: 


O: Saturation = 100 - {((E, ss — E,,ss) 
T (Ey see iry E,569)} : R/{(åsss in Aso) 
+ (Aseo Fă Asse)} p R, (2) 


where A\ = En — E,,, and E,, and E,, are 
the specific extinction coefficients of oxy- 
genated and deoxygenated hemoglobin, 
respectively. 

The arteriovenous O, saturation differ- 
ence (A O, saturation) is required to calcu- 
late O, delivery in a vascular segment. 
However, no measurements of arterial O, 
saturation were made in this study. 
Instead, since various studies have report- 
ed that arterial O, saturation varies 
between 96% and 98% between subjects,” 
we assumed, for simplicity, a constant 
arterial O, saturation of 97% for both eyes 


Optic Atrophy — Sebag et al 









Visual 
Acuity 


Patient/ 


Age, y/Sex Diagnosis 











2/37/M Pituitary tumor 20/15 
3/29/M Optic neuritis 20/20 
4/32/F Optic neuritis CF 

§/21/F Optic neuritis 20/20 


6/47/F Optic neuritis 20/70 






7/17/M Optic neuritis 20/25 


ST defect, N 


T P-C scotoma 


1/30/F Optic neuritis 20/30 Arcuate scotoma, IT 14 T Slits, T 1.67 


Fields mm Hg Pallor 
Defect, SN 20 T, slight N 
Normal 16 Slight T 
Central scotoma 17 T 
Arcuate scotoma, 15 T>N 

ST 





constriction 


IT > ST, slight N 






“a-37* 


` S >> 





Clinical Severity 
Indext 


Nerve Fiber 
Layer 








Defects, SN, ST, 3.33 
and IT 

Normal 0.67 

Defects, ST, IT, 3.67 
and IN 

Defects, ST 3.33 


Defect, P-M; nodules, 
ST and IT 


Defects, T; slits, N 





*IOP indicates intraocular pressure; |, inferior; T, temporal; S, superior; N, nasal; CF, counting fingers; P-M, papillomacular; and P-C, paracentral. 
+Values represent the mean of the grading of three observers; O, normal, to 4, most severe. 


of each patient. The A O, saturation is thus 
given by: 


A O, Saturation = 
97 — (Venous O, Saturation) (3) 


Since our analysis always involves a com- 
parison between the two eyes of each 
patient, the intersubject variability in 
arterial O, saturation does not affect the 
difference in A O, saturation between eyes 
and minimally affects the percent differ- 
ence (see below) in A O, saturation between 
eyes. The magnitude of any difference in 
arterial O, saturation between the two eyes 
of a patient is difficult to assess but is 
likely to be small. 

Retinal Blood Flow.—The laser Doppler 
system and technique of data analysis used 
in this study provided measurements of 
the speed of RBCs flowing at discrete, 
selected sites in the retinal vasculature; 
the technique has been described in detail 
elsewhere.2 Doppler-shifted frequency 
spectra of laser light that is scattered from 
RBCs flowing through individual retinal 
vessels exhibit large fluctuations in spec- 
tral power up to a clearly measureable 
frequency shift (Afaa). This shift arises 
from scattered light, Doppler shifted by 
RBCs flowing at the maximum speed (V max) 
at the center of the vessel. When the light 
scattered by the RBCs is detected simulta- 
neously in two distinct directions, a pair of 
spectra are obtained. The centerline speed 
is calculated as 


Vinx =K - (Afaa — Afmaz)/cosine B, (4) 


where x is an instrumental constant, and 8 
is the angle between the direction of V max 
and its projection on the plane defined by 
the two scattering directions. 

To calculate the blood flow rate in reti- 
nal arteries, it is necessary to determine 
the time-averaged value of V ma during the 
cardiac cycle, Vma. We have previously 
presented? experimental data leading to 
the derivation of the relationship between 
V œa and the RBC speeds measured in reti- 
nal arteries during the minimum diastolic 
and maximum systolic phases of the cardi- 
ac cycle. We found that 


Vma = Vmax Diastole) + k - {V ma (Systole) 
— Vinax(Diastole)}, (5) 


where k = 0.48 + 0.04. 
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Diameter, um 


Fellow Affected 


Patient Site Eye Eye 


Difference Eye 


A-V O2 Saturation 
Difference, % O2 Saturation 


Affected % 
Eye Difference 


% Fellow 


Temporal Datat 


—_— —————— 


IT 123 137 } 
122 


Mean + SD significancet 


130 + 15 124 + 19 


SN 136 


Mean + SD significancet 
110 + 16 


—4 Ł 7 49+6 
(P = .14) 


52 5 } 


54+ 5 12 20 


(P = .028) 





* A-V indicates arteriovenous; IT, inferotemporal; ST, superotemporal; SN, superonasal; and IN, inferonasal. 
+For the temporal data, the percent difference is the average of the percent differences for the two sites of 


each patient. 


Significance was determined using a two-tailed one-sample t test that compared the percent difference with 


zero. 


The blood flow (F) rate is calculated as: 
F as (V max/2) j S, (6) 


where S is the cross-sectional area of the 
vessel at the measurement site.’ The value 
S is calculated from the measured arterial 
blood column diameter, assuming a circu- 
lar cross section. The arterial blood column 
diameter is determined by measuring the 


width of the vessel image on the negatives 
of monochromatic (575-nm) fundus photo- 
graphs (projection micrometry).’ 

O, Delivery.—Oxygen delivery was de- 
rived from A O, saturation and blood flow 
measurements under the assumption that 
the selected arteries and veins constituted 
closed vascular segments. Oxygen delivery, 
expressed in microliters of O,/min, was 
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Table 3.—Vessel Diameter, Blood Speed, and Blood Flow in 
Retinal Arteries in Affected and Fellow Eyes* 


Arterial Vessel 
Diameter, um 
~~“? 


Fellow Affected 
Patient Site Eye Eye 


Mean + SD 
significancet 


114 + 11 109 + 10 





Arterial Blood 
Speed, cm/s 


Segmental Blood 
Flow, L/min 
coe OO LBD, 
Fellow Affected Fellow Affected 
Eye Eye Eye Eye 


—44 + 16 
(P = .011) 


23.5 + 4.9 12.3 + 3.5 —48 + 20 


(P = .017) 


=DE ¢ SO 2°'10 45+ 1.4 


(P = .20) 


*For patients with measurements at two sites, percent difference is the average of the percent differences. IT indicates inferotemporal; ST, superotemporal. 
tSignificance was determined by using a two-tailed one-sample t test that compared the percent difference with zero. 


then calculated by means of 


O, Delivery = 
0.201 . F - A O, Saturation/100, (7) 


where blood flow (F) was expressed in 
microliters per minute and A O, saturation 
in percent O, saturation, and where the 
constant 0.201 uL of O, per microliters of 
blood was the O, capacity of arterial 
blood.’ 

Diameter of the Central Retinal Artery.— 
The diameter of the central retinal artery 
was estimated using a method and algo- 
rithm developed by Parr and Spears.’ Mea- 
surements of the vessel diameters of the 
five to seven largest arteries that emerged 
from the optic disc were made using pro- 
jection micrometry.’ The diameters of the 
invisible parent vessels for each bifurca- 
tion were computed using the algorithm,’ 
and progressive calculations yielded a pre- 
diction for the diameter of the central 
retinal artery. 


Data Analysis 


To compare the measured or derived 
parameters (A O, saturation, vessel diame- 
ter, blood speed, blood flow, O, delivery, 
and central retinal artery diameter) ob- 
tained for the affected and fellow eyes, 
we calculated a percent difference defined 
as 


% Difference (Parameter) = 
100 . {Parameter (Affected Eye) 

— Parameter (Fellow Eye)}/Parameter 
(Fellow Eye), (8) 


for each pair of data at corresponding 


sites. When results were obtained from 
more than one set of corresponding sites in 
a patient, then the percent differences 
were averaged to yield a single percent 
difference. Statistical significance of this 
percent difference was evaluated by using 
a two-tailed one-sample ¢ test that com- 
pared the percent difference with zero. 
Performing the analysis in this way elimi- 
nated the effect of any correlations that 
may have existed between measurements 
obtained at different sites in the same 
eye. 


Retinal O2 Delivery, uL O2/min 


LLL 
Fellow Affected 


Patient Eye Eye % Difference 


Mean + SD significancet 





“For patients with measurements at two sites, the percent difference is the average of the percent 
differences. IT indicates inferotemporal; ST, superotemporal. 

t Significance was determined using a two-tailed one-sample f test that compared the percent difference with 
zero. 


Table 5.—Comparison of Central Retinal Artery 


Diameter in Affected and Fellow Eyes 





Central Retinal 
Artery Diameter, um 


BL IMM 


Patient Fellow Eye Affected Eye % Difference 


1 207 188 —9 
4 195 183 =6 
+ igni $ 


Mean + SD significancet 171 +£ 26 158 + 21 =f + § 
(P = .011) 


* Derived from vessel diameter measurements performed on color slides (Kodachrome), not on 575-nm 
monochromatic photographs. 

t Significance was determined using a two-tailed one-sample t test that compared the percent difference with 
zero. 


RESULTS diameter and for the arteriovenous O, 


saturation difference A O, saturation 


Oxygen saturation and vessel diam- (calculated using equation 3) for both 


eter measurements were obtained for 
21 preselected pairs of retinal veins 
(14 temporal and seven nasal) in the 
seven patients. Results for venous 
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affected and fellow eyes, are given in 
Table 2. For the temporal segments 
(14 vessel pairs), A O, saturation was, 
on average, 49% and 54% O, satura- 
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% Differences in A O; Saturation 


% Differences in Blood Flow 


% Differences in O, Supply 





2 3 4 


Clinical Disease Severity Index 


Average percent differences in A oxygen (O,) saturation, blood flow, and oxygen delivery for 
temporal vessels displayed as a function of clinical severity index (O, normal, to >4, most 
severe). Error bars are + 1 SD of mean associated with two determinations of percent differences 
in each patient. Patient numbers are indicated at top. 


tion for the fellow and affected eyes, 
respectively. The average percent dif- 
ference was +12%, reflecting a signif- 
icant increase in A O, saturation in 
the affected eyes (P = .028). For the 
nasal segments (seven vessel pairs), A 
O, saturation was, on average, 58% 
and 65% O, saturation for the fellow 
and affected eyes, respectively. In this 
case, the average increase in A O, 
saturation was 11% (P = .001). The 
nasal A O, saturation was significant- 
ly higher than the temporal A O, 
saturation in both affected 
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(P = .00013) and fellow (P = .0014) 
eyes. When the temporal and nasal 
data were pooled, then the average 
percent difference in A O, saturation 
was +12% + 9% (P= .010). 

Blood speed measurements were 
obtained in seven of the preselected 
pairs of retinal arteries. These seven 
pairs, from four patients, were all 
temporally located. Data obtained 
from the remaining preselected vessel 
pairs did not, for one or both vessels, 
satisfy previously established objec- 
tive data acceptability criteria. In 


most cases, eye movements did not 
permit the incident laser beam to be 
centered on the vessel for a sufficient 
length of time (at least one cardiac 
cycle, see “Patients and Methods” sec- 
tion). The results of these measure- 
ments, together with the correspond- 
ing arterial diameters, are given in 
Table 3. These data correspond to the 
first seven rows of Table 2. Arterial 
blood speeds were, on average, 7.6 and 
4.5 em/s for the fellow and affected 
eyes, respectively. The average per- 
cent difference was —44%, reflecting 
a significant reduction in blood speed 
in the affected eyes (P = .011). 

Retinal artery diameters were, on 
average, 6% narrower in the affected 
than in the fellow eyes (Table 3), but 
the difference was not statistically 
significant for the seven vessel pairs 
in Table 3. However, the difference 
became significant when all 14 pairs 
of temporal branch arteries were con- 
sidered (additional data not shown); 
the average percent difference in 
diameter was then —-6% + 6% 
(P = .024). | 

Table 3 also gives the results for ~ 
segmental blood flow for the seven 
pairs of temporal retinal arteries 
derived from the blood speeds and the 
diameters (equation 6). The average 
segmental blood flow rates were 23.5 
and 12.3 „L/min for fellow and affect- 
ed eyes, respectively. The average per- 
cent difference was —48%, corre- 
sponding to a significant reduction in 
blood flow in the affected eyes 
(P = .017). 

The results for O, delivery rates for 
seven temporal segments are given in 
Table 4. The O, deliveries were calcu- 
lated (equation 7) from the A O, satu- 
ration data of Table 2 (first seven 
rows) and the blood flow data of Table 
3. The average O, delivery rates were 
2.3 and 1.4 uL of O, per minute for 
fellow and affected eyes, respectively. 
The average percent difference in O, 
delivery was —40%. This decrease in 
the O, delivery rate, however, was not 
statistically significant (P = .078). 

The Figure illustrates the relation- 
ships between the clinical severity 
indexes determined for each affected 
eye (Table 1) and the averaged percent 
differences in A O, saturation, blood 
flow, and O, delivery determined for 
temporal vessels. The percent differ- 
ences in A O, saturation did not show 
a significant variation with disease 
severity (Spearman’s p= -—0.43, 
P = .30). It should be noted, however, 
that the largest percent difference 
was observed at the lowest disease 
severity. The percent differences in 
blood flow decreased with disease 
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severity, reflecting a decrease with 
disease severity of the blood flow in 
the affected eyes, compared with that 
in the fellow eyes. Although the per- 
cent differences in blood flow ranked 
perfectly with disease severity 
(p = —1), that correlation was not sta- 
tistically significant (P =.10). The 
percent differences in O, delivery also 
ranked perfectly with disease severity 
(p = —1), but the correlation is not 
statistically significant (P = .10). 

Vessels in the affected eyes were 
narrowed as compared with the fellow 
eyes. This was documented for both 
retinal veins (Table 2) and arteries 
(Table 3). Results of the computations 
of the diameter of the central retinal 
artery are given in Table 5. The aver- 
age diameters were 171 and 158 um for 
fellow and affected eyes, respectively. 
The average percent difference was 
—7%, corresponding to a significant 
constriction of the central retinal 
artery (P = .011). There was no signif- 
icant correlation between the calcu- 
lated reduction in the central retinal 
artery diameter and the clinical index 
of disease severity. 


COMMENT 


This study demonstrates that in 
unilateral retrograde inner retinal 
degeneration due to neurogenic optic 
atrophy, there is an average decrease 
of 40% in O, delivery from the retinal 
circulation in the affected eyes com- 
pared with the fellow eyes. This 
reduction in O, delivery results from 
an average decrease of 48% in retinal 
blood flow and an opposing average 
increase of 12% in the arteriovenous 
O, saturation difference (A O, satura- 
tion). With increasing disease severity 
in the affected eyes, the reduction in 
blood flow and O, delivery becomes 
more pronounced. The increase in A O, 
saturation is largest at low disease 
severity. 

The observed progressive reduction 
in retinal blood flow is most likely due 
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to the decreased metabolic demand 
associated with inner retinal degener- 
ation. This decreased demand may 
produce constriction of precapillary 
arterioles of the retina and may con- 
tribute to the observed generalized 
reduction in retinal artery diameter. 
A decrease in retinal blood flow had 
been observed previously in an experi- 
mental animal model of total neuro- 
genic optic atrophy and inner retinal 
degeneration. In that study, retinal 
blood flow was decreased by 63%. The 
greater blood flow reduction in the 
animal model may relate to the fact 
that there was total atrophy in that 
experimental model, as compared 
with partial atrophy in the patients of 
this study. 

Since inner retinal degeneration 
causes a decrease in metabolic 
demand, one would predict that O, 
extraction and, hence, A O, saturation 
would be reduced in the affected eyes. 
However, this was not observed. In 
fact, there was an average increase of 
12% in A O, saturation. This increase 
may reflect an attempt by the retina 
to maintain O, delivery in the face of 
reduced retinal blood flow. Indeed, O, 
delivery for the eye with the mildest 
disease severity (patient 3) appeared 
to maintain itself at the level of the 
fellow eye (%d = —5%). The affected 
eye, in this case, had 20/20 vision, 
normal visual fields, and no discern- 
ible defects in the nerve fiber layer. 
Since the disease was mild, the retina 
may have been able to extract enough 
O, to maintain an O, delivery similar 
to that in the fellow eye. 

Another explanation for the ob- 
served increase in A O, saturation is 
that more O, may diffuse out of the 
vasculature as a passive response to 
the reduction in blood speeds and a 
consequent longer exposure of blood 
to metabolizing tissue. The presence 
of such an effect is supported by the 
observed nasal-temporal differences 
in A O, saturation. In nasal vessels, 
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where blood flow is generally lower 
than in temporal vessels,'! A O, satu- 
ration was higher than in temporal 
vessels in both affected and fellow 
eyes. 

What is not clear is why the blood 
flow was reduced by 28% in the 
affected eye of patient 3 (Table 3), 
which, as described above, had no 
clinically observable retinal changes 
and in which the O, delivery was only 
5% lower than in the fellow eye. Per- 
haps the observed reduction in blood 
flow is not solely due to a decrease in 
vessel diameter at the level of the 
precapillary arterioles. Local phe- 
nomena related to neuronal degenera- 
tion in the anterior optic nerve may 
induce a decrease in the diameter of 
the central retinal artery. Indeed, the 
results of this study, as well as a 
previous report,” suggest that there is 
a reduction in the diameter of the 
central retinal artery in cases of neu- 
rogenic optic atrophy. This might con- 
tribute to reducing retinal blood flow 
in mild cases where there is sufficient 
metabolizing tissue to extract O, and 
increase the A O, saturation. 

Additional studies using these sen- 
sitive noninvasive techniques to moni- 
tor retinal metabolism must be per- 
formed to further our understanding 
of the events underlying these obser- 
vations. This approach of evaluating 
retinal metabolism holds promise as a 
noninvasive technique with which to 
monitor retinal physiology in disease 
and the response to therapy. 
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Comparison of Conventional Fluorescein Angiography 


George W. Seeley, PhD; Eric R. Craine, PhD; Andrzej W. Fryezkowski, MD, PhD 


@ We evaluated the effectiveness of 
cathode ray tube (CRT) displays in the 
transfer of diagnostic information to the 
ophthalmologist. Retinal fluorescein angi- 
ography images were used and data were 
taken using the receiver operating char- 
acteristic experimental paradigm. Three 
ophthalmologists with experience ranging 
from two to 12 years participated in the 
study. Sixty-eight images were selected 
from proof sheets of 800 original images. 
Next, these images were digitized, then 
each set was shown on its respective 
display (slide projection for the proof 
sheet images and CRT for the digital 
images). These 68 images were from a 
variety of patients and represented a 
broad range of normal and abnormal reti- 
nas (including diabetic retinopathy, 
hypertension independent of diabetes, 
and sickle-cell disease). Results show (1) 
that there is no difference between the 
systems in terms of diagnostic accuracy; 
(2) that certainty of diagnosis was not a 
function of the system; and (3) that 
although there was an effect due to expe- 
rience of the ophthalmologist, it did not 
affect diagnosis accuracy. We conclude 
that CRT displays at conventional video 
resolutions can deliver the needed diag- 
nostic information as well as film. We also 
hypothesize that digital enhancement 
techniques can increase the available 
diagnostic information beyond that of 
film. 

(Arch Ophthalmol 1989; 107:227-231) 
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he advent of increased applications 
of digital imagery in other areas of 
medicine!* suggests that ophthalmol- 
ogy could also be one of the beneficia- 
ries of these methods. This would 
result primarily from the ability of 
digital methods to provide rapid 
access to archives of digital images, 
produce real-time or near-real-time 
analyses of images, provide for rapid 
telecommunications, and allow for 
image processing for enhanced diag- 
nostic capabilities. 

Limited systems of this type have 
already been introduced into ophthal- 
mology. For example, some digital 
video systems currently available‘? 
demonstrate usefulness in recording 
and selecting images from the 
patient’s fundus, analyzing optic disc 
measurements and their progression 
in glaucoma (see also “Digital Imag- 
ing: Today’s Link to the Future,” Dig- 
ital Imaging News, 1987). Some other 
systems'’*!’ use fluorescein angiogra- 
phy as a major vehicle to show retinal 
and sometimes choroidal vascular 
changes and circulatory dynamics. 
The popularity of fundus photograph- 
ic documentation and fluorescein 
angiography to control the laser 
treatment of retinal and choroidal 
neovascularization, >} retinal vein 
occlusions,'! and edema of the macular 
area'*5 are well known. However, 
they all have only limited applica- 
tion. 

With this in mind, we have begun to 
explore several aspects of what we 
believe to be a general digital imaging 
system that might be developed for a 
variety of digital ophthalmological 
applications. The general system we 
are using as a framework for develop- 
ment of specific applications systems 
is outlined schematically in Fig 1. The 


~. Film Images With a Cathode Ray Tube Display 


right branch of this diagram reflects 
what occurs in the clinic today. Con- 
version of this procedure from use of 
analog (photographic) images to digi- 
tal images and a digital reference 
library has the potential to enhance 
the diagnostic process further by use 
of digital techniques as stated above. 

In our proposed system, the 
patients’ images will be acquired digi- 
tally and displayed to the ophthalmol- 
ogist on a cathode ray tube (CRT). The 
ophthalmologist can then determine 
the significant features of interest to 
him or her in the images and enter 
them into the system. These features 
can then be used to select images with 
similar features from the reference 
library; the reference images can then 
be compared with the patient image 
as an aid in diagnosis. 

The left branch of the diagram in 
Fig 1 represents a further evolution- 
ary advance in the procedure for ana- 
lyzing ophthalmological images and 
reaching an appropriate diagnosis. 
Once developed (recognizing the con- 
siderable advances required to attain 
this goal), this system will become an 
expert system capable of assisting the 
ophthalmologist, at any level of expe- 
rience, in reaching a correct diagno- 
sis. 

The first version of this general 
system that we plan to develop is a 
comprehensive system for digital 
fluorescein angiography. There are 
four primary reasons for starting 
with this application: (1) the images 
are monochromatic, thus allowing use 
of lower-cost monochrome hardware 
for system development; (2) the 
nature of the procedure is such that 
real-time recording of the examina- 
tion on videotape for subsequent digi- 
tization is desirable; (3) the wide- 
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Fig 1.— Schematic framework for diagnosis of ophthalmological images under development by 
us. Right-hand route suggests currently employed method, in which physician diagnoses directly 
from patient images. Left-hand route indicates steps in obtaining preliminary diagnosis based on 
machine analysis of digital images, through comparison of reference images in digital library, and 
achievement of final diagnosis by comparing machine- and physician-derived image analyses. 


spread use of the procedure suggests a 
viable market for the system we envi- 
sion; and (4) near-real-time access to 
the results of the examination is a 
clinically viable tool for increasing 
patient treatment ratios. 

In addition to these important con- 
siderations, the digital retinal angio- 
gram can benefit from other charac- 
teristics of this type of data acquisi- 
tion, such as the recording of a com- 
plete examination (rather than a par- 
tial set of photographs), the possibili- 
ty of recording the examination on 
easily retrieved and duplicated mag- 
netic media, the option to implement 
image-processing algorithms, and the 
flexibility to annotate the examina- 
tion with digitized voice-over, graph- 
ics pointers, and embedded text. 

Considerable development is re- 
quired before implementation of the 
type of system we propose. One of the 
most fundamental questions concerns 
the spatial and contrast resolution 
necessary to preserve diagnostic 
information currently available to the 
ophthalmologist in conventional pho- 
tographic images. Because we are pro- 
posing an extensive and involved sys- 
tem development, and because the 
cost and complexity of the requisite 
hardware are strongly driven by the 
answer to this question, we consider it 
to be of paramount importance to 
answer the question of resolution 
before undertaking any further 
detailed design. 

The ideal system would integrate 


readily available and low-cost tech- 
nology; for example, a desirable detec- 
tor for acquiring the digital images is 
a video format, solid state imager. 
Such a device is readily available from 
several manufacturers, is a proved 
technology, is low in cost, and can be 
easily integrated with a wide range of 
useful peripheral hardware. These 
imagers typically have 512 X 512-pixel 
formats, compatible with low-cost 
video monitors. However, the impor- 
tant question remains one of the suit- 
ability of this resolution for the pro- 
posed work. 

In an attempt to address this issue 
quantitatively, we conducted a com- 
parative receiver operating character- 
istic (ROC) analysis of the proposed 
digital system and the currently used 
photographic system. Specifically, we 
set out to answer the question of 
whether a 512 X 480-pixel X 8-bit dig- 
itized RS170 video signal has resolu- 
tion adequate to give the same accura- 
cy of diagnosis of retinal fluorescein 
angiograms as conventional currently 
used photographic techniques. This 
article describes a study that com- 
pares conventional 35-mm fluorescein 
angiography images with digital 
images displayed on a 512 X 480-pixel 
CRT monitor. The purpose is to define 
how the diagnostic significance of the 
two systems (photographic vs digital) 
compares. 

MATERIALS AND METHODS 

The method we have employed to per- 

form the desired system comparison is the 
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psychophysical approach frequently em- 
ployed in the analysis of medical sys- 
tems.“ The images presented to the 
observer usually consist of two types. One 
type is imaged through the new system by 
the experimenter and the other is imaged 
through some standard with which the 
observer’s responses will be compared. 
Within each set of images there are noise 
images and signal plus noise images. In 
terms of ophthalmological images, these 
can be defined as normal and abnormal 
cases. Each observer looks at the images 
one at a time and gives a rating for each 
image that corresponds to his or her cer- 
tainty that the image shown is normal or 
abnormal. From these data, an ROC curve 
is created and a figure of merit, area under 
the curve (AUC), is calculated for each | 
experimental mode being compared. Sig- 
nificance tests are then run and the differ- 
ences noted. 


Observers 


Three observers were used in this study. 
Each was an expert in ophthalmological 
retinal angiography. Their years of experi- 
ence were 2, 5, and 12 years. They each 
completed the experiment in a single ses- 
sion of not more than two hours’ duration. 
Two of the ophthalmologists who partici- 
pated in the study were completely unfa- 
miliar with the case images used in the 
study. The third observer, who had 12 
years of experience, also acted as our 
expert in selecting the images used in the 
study. However, since he did not see the 
images for a full year after he selected 
them, and because they were presented 
only as individual random images (there- 
fore out of context of the cases), we 
believed that we could also utilize him as 
one of the observers in this study without 
concern that memory would bias his 
responses. 


Images Used 


The 68 images used in this study were 
selected from retinal fluorescein angio- 
gram proof sheets for a variety of patients 
representing a broad range of normal and 
abnormal retinas. Over 800 images were 
carefully examined by one of us, who is an 
expert in ophthalmological retinal angiog- 
raphy, before the selection of the final 68 
angiograms. The proof sheets were then 
copied (positive reversal film at high reso- 
lution) and the study images identified, cut 
out of the proof sheets, mounted in 2 X 2-in 
carriers, and assigned identifying codes as 
to the nature of the image. 

Thirty-six abnormal and 32 normal reti- 
nal angiographic image frames were 
selected to be used in the study. The first 
major criterion for selection of these image 
frames was to let the total set of frames 
emulate a typical case study. Therefore, 
the normal and abnormal images were 
selected to cover the whole sequence from 
early to late infusion of dye (arterial to 
venous), and the images were equally 
divided between left and right eyes. 

The second major criterion for selection 
dealt with the selection of the number and 
type of abnormal images. We did not select 
the images by prevalence of disease; our 
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Fig 2.—Left, Photograph of back-projected film image of one of stimulus images (right eye, arteriovenous phase diagnosed 
abnormal, disease classification 2). Right, Photograph of cathode ray tube (CRT) display of digitized example of image at left. 
Difference in spatial resolution between these modes of presentation is suggested by these photographs, although 
photographic representation of CRT display in particular is more degraded (with respect to perceived image) than is that of 


back-projected film image. 


objective was to acquire a representative 
sample of a broad range of progression of 
disease. Of the abnormal images, 29 were 
of patients with diabetic retinopathy, five 
of patients with hypertension independent 
of diabetes, and two of patients with sick- 
le-cell disease. 

We defined four stages of disease (each 
stage after stage 1 includes the character- 
istics of the previous stages), which divided 
equally between subtle and obvious visual 
cues. These four stages were (1) dilation 
and tortuous vessels; (2) all of item 1 plus 
microaneurysms and dropout of capilla- 
ries; (3) all of items 1 and 2 plus bleeding, 
more microaneurysms, and cotton wool 
spots; and (4) all of items 1, 2, and 3 plus 
neovascularization. Initially there were an 
equal number of cases (eight) for each of 
these four stages of disease. Later, we 
added two cases of neovascularization disc 
disease and neovascularization elsewhere to 
stage 4 because our expert was curious to 
see if any subtle cues in these types of 
images would disappear on a CRT display. 

Digitization 

The 68 photographic images were digi- 
tized using a video format camera (Sony 
CCD) as the capture device and a frame 
grab board (Imaging Technology) to pro- 
vide a 512 X 480-pixel digital image with 8 
bits of contrast. The photographic trans- 
parencies were back-illuminated using a 
light table; a series of gelatin neutral den- 
sity filters (Kodak Wratten; D = 0.1 to 0.6) 
were used in the system to minimize 
image-to-image density variations in the 
digital images, thus mitigating the need 
for subsequent gain and contrast adjust- 
ments in the CRT display during the 
course of the study. 

The host computer for the frame grab 
was an IBM-XT microcomputer. The 
images were stored on 20-megabyte capac- 
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Certainty Scale 


O Absolutely Certain, Normal 

1 Relatively Certain, Normal 

2 Just Guessing, Normal 

3 Just Guessing, Abnormal 

4 Relatively Certain, Abnormal 


5 Absolutely Certain, Abnormal 





Fig 3.—Diagnostic certainty scale used for 
experiments reported herein. 


ity hard disks where they could be quickly 
accessed in the correct random order from 
the computer keyboard for display to the 
subject observers. Although the capability 
existed in the system, no image processing 
of any type was performed to enhance the 
digital images. 

We note that the spatial resolution of 
the film images was slightly more than 25 
line pairs per millimeter, or about 1.5 
times that of the digital image. The con- 
trast resolution in each case was in excess 
of the ability of the human eye to resolve. 
An approximate comparison of these 
images can be seen in Fig 2. This figure 
shows photographs of a copy of the film 
image and of the same image displayed on 
the CRT screen. The difference in spatial 
resolution is suggested by these photo- 
graphs, although this photographic repre- 
sentation of the CRT display in particular 
is more degraded (with respect to the 
perceived image) than is that of the back- 
projected film image. This is in part 
because of the very different way the eye 





Disease Classification 


O Normal 
i Dilation, Tortuous Vessels 


2 Microaneurysms, Drop Out 
of Capillaries 


3 Bleeding, More Microaneurysms, 
Cotton Wool Spots 


4 Neovascularization 


Fig 4.—Disease classification scale used for 
experiments reported herein. Each of abnor- 
mal stages after stage 1 includes characteris- 
tics of previous stages. 


perceives a video image (with integration) 
as opposed to a static film image. As 
discussed below, this disparity in spatial 
resolution apparently did not translate toa 
difference in diagnostic content of the 
respective images. 


Procedures 


The observers were shown all 68 images 
twice, first on one display modality and 
then on the other. Each presentation 
sequence had a different random order. 
Which modality (CRT or slides) they saw 
first was counterbalanced to remove 
sequence bias. As each image was dis- 
played the observers decided whether it 
was normal or abnormal and then gave 
their certainty using the diagnostic cer- 
tainty scale in Fig 3. After deciding this, 
they responded using the scale in Fig 4 as 
to the disease classification of the image. 
The experimental setup can be seen in Fig 
5. For the CRT portion of the study, images 
were stored in the memory of our IBM-XT. 
When the next image to be presented to the 
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Fig 5.—Experimental setup used for comparing film and cathode ray tube (CRT) displays. Host 
computer for displaying images is located at left (second computer used for recording and 
analyzing data is located elsewhere in room and is not shown). Displays are located at right, with 
film projector above and CRT below. Two images being displayed are matching pair (ie, same 
eye, same phase of examination) and differ only in mode of display. During course of experiment, 
only single image would be displayed; both are shown here for purposes of comparison. 


1.0 
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0.20 





O 0.20 0.40 0.60 0.80 1.0 
True-Positive Fraction 


Fig 6.—Receiver operating characteristic 
curves for group data. True-positive fraction is 
defined as ratio of number of positive 
responses (ie, identifications of abnormal 
images) to total number of abnormal images. 
False-positive fraction is defined as ratio of 
number of positive responses to total number 
of normal images. In this graph, data are 
grouped for all observers and are separated 
only by display mode. AUC indicates area 
under curve; and CRT, cathode ray tube. 


observer was identified by our control soft- 
ware, it was written to a CRT monitor. In 
the slide portion of the study the observer 
viewed a standard display screen (Kodak 
Ektagraphic) and the slides were preor- 
dered for the observers. Responses were 
recorded through a software package 
designed by one of us for such purposes” 
and stored in a proper format for analy- 
sis. 


Chance Line 


AUC 
Observer Film CRT 
E|] 0.774 0.779 


True-Positive Fraction 


@2 0.855 0.843 
43 0.900 0.902 





O 0.20 0.40 0.60 0.80 1.0 
False-Positive Fraction 


Fig 7.—Receiver operating characteristic 
curves of same type as in Fig 6, except that 
data are now displayed individually for each of 
three observers (observer 1 had two years’ 
experience; observer 2, five years’ experi- 
ence, and observer 3, 12 years’ experience). 
AUC indicates area under curve; and CRT, 
cathode ray tube. 


Data Reduction 


The ROC data were processed using 
techniques described in detail by Metz'* 
and others.”” In general, the diagnosis 
and certainty responses were matched to 
true diagnosis, and the number of true- 
positives and false-positives were calcu- 
lated for each of the observers’ certainty 
responses. Individual statistics were then 
calculated. Once completed, the data were 
combined to generate group statistics and 
the ROC graph. 
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Diagnosis 


Observer Certainty 


"In all cases, df = 67. A t test was run for each 
observer comparing diagnosis and certainty given to 
the slide and the cathode ray tube display. For the 67 
df available in this study, tf must be equal to or 
greater than 2.0 to represent statistically significant 
differences between the systems. As can be seen 
from the data, fin all instances is well below this limit, 
indicating that there is no detectable difference in 
diagnosis or certainty between the two systems. 


RESULTS 


Figure 6 shows the ROC curve for 
the group data for each mode. As can 
be seen, the curves are identical. The 
AUC for both the CRT and the slides 
was 0.86. Even in the data for each of 
the experts utilized in the study, the 
result is the same. The only difference 
noted had to do with years of experi- 
ence. The less experience, the lower 
the AUC. The AUC for the expert with 
two years of experience (observer 1) 
was 0.80 for the CRT and 0.79 for the 
slides. The five-year expert (observer 
2) had 0.87 and 0.86, respectively, and 
the 12-year expert’s (observer 3) 
AUCs were 0.91 and 0.91. As can be 
seen from Fig 7, the ROC curves for 
the five-year and the 12-year experts 
are virtually identical for CRT and 
slides. However, Fig 7 also shows that 
the expert with only two years’ expe- 
rience responded to the two types of 
displays differentially. Statistical 
analyses were also run on the group 
data and on the individual observer’s 
responses to find if there was any 
effect of mode on their diagnosis or 
certainty. A ¢ test for related mea- 
sures was used. There was no signifi- 
cant difference for the group data for 
either diagnosis or certainty 
(t = 0.2177, df= 203 and t= 1.2985, 
df = 203, respectively). As can be seen 
from the Table, there was also no 
significant difference for any of the 
observers as to diagnosis or certainty. 


COMMENT 


The results indicate that a 
012 X 480 CRT display with 8 bits of 
contrast information (256 gray levels) 
will give the same diagnostic informa- 
tion as the present film-based system. 
The group data and the individual 
data support this unanimously. There 
is some indication from the ROC 
curves that the number of years of 
experience causes the user to respond 
differentially. However, this in no 
way detracts from the main finding. 
This experience differential most like- 
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ly can be eliminated through train- 
ing. 

The ¢ test results for the individual 
responses of certainty and diagnosis 
further support this conclusion. No 
significant change occurred in either 
case due to presentation mode. Even 
observer 1, whose ROC graph was so 
different, followed this pattern. We 
did not allow the CRT to be used to its 
fullest capacity. No manipulation was 
allowed and no training was given. In 
addition, the slides were the very best 
we could devise. Our intent was to give 
the film-based system all the advan- 
tages. The results clearly indicate that 
experts can extract diagnostic 
data from the CRT that is equiva- 
lent to that from slides, even when 
the CRT presentation is not opti- 
mized. 

Given these results, all the positive 
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aspects of digital imaging can now be 
applied to ophthalmology. There is 
now the potential of (1) having imme- 
diate review of examinations; (2) easi- 
ly reviewing the complete examina- 
tion, not just a portion; (3) easily 
archiving, with consequent fast and 
accurate retrieval; (4) applying the 
broad range of image-processing tech- 
niques now available; and (5) trans- 
mitting images long distances accu- 
rately and easily, while still having 
the original on file. 

Although we have had such a posi- 
tive finding, we still intend to do 
further research. Some of the areas 
that need to be addressed are the 
effect of image processing on diagno- 
sis, the contrast and spatial resolution 
needed to maximize diagnostic infor- 
mation, whether videotape images are 
sufficient for diagnosis, and the effect 


References 


analyzer) and clinical measurement. Am J Oph- 
thalmol 1985;100:417-419. 

9. Caprioli J, Klingbeil U, Sears M, et al: 
Reproducibility of optic disc measurements with 
computerized analysis of stereoscopic video 
images. Arch Ophthalmol 1986;104:1035-1039. 

10. Patz A: Clinical and experimental studies 
on retinal neovascularization: XXXIX Edward 
Jackson Memorial Lecture. Am J Ophthalmol 
1982;94:715-743. 

11. Branch Vein Occlusion Study Group: 
Argon laser photocoagulation for macular edema 
in branch vein occlusion. Am J Ophthalmol 1984; 
98:271-282. 

12. Early Treatment Diabetic Retinopathy 
Study Research Group: Photocoagulation for dia- 
betic macular edema: Early Treatment Diabetic 
Retinopathy Study report number 1. Arch Oph- 
thalmol 1985;103:1796-1806. 

13. Diabetic Retinopathy Study Research 
Group: Photocoagulation treatment of prolifera- 
tive diabetic retinopathy: Clinical application of 
diabetic retinopathy (DRS) findings, DRS report 
number 8. Ophthalmology 1981;88:583-600. 

14. Olk RJ: Modified grid argon (blue-green) 
laser photocoagulation for diffuse diabetic macu- 
lar edema. Ophthalmology 1986;93:938-950. 

15. Newsome DA, Blacharski PA: Grid photo- 


of redigitizing the videotape images. 
All of these have implications for 
either improving diagnosis or simpli- 
fying system design, thus reducing 
the cost of such a unit. With easy- 
to-use controls to manipulate gray 
scales and some training, it is antici- 
pated that the observers will probably 
do even better than they did in this 
study. Future research will test this 
supposition. 


This study was supported in part by a Small 
Business Innovation Research grant from the 
National Eye Institute of the National Institutes 
of Health (NEI R43E4 07170-01) (Dr Craine). 

With regard to this study, no product has been 
used or developed, no patent prosecuted, and no 
contingent financial benefit derived by other 
than normal partial salary remunerations from 
the supporting National Institutes of Health 
research grant. 


coagulation for macular edema in patients with 
retinitis pigmentosa. Am J Ophthalmol 1987; 
103:161-166. 

16. Green DM, Swets JA: Signal Detection 
Theory and Psychophysics. New York, John 
Wiley & Sons Ine, 1966. 

17. Swets JA, Pickett RM: Evaluation of Diag- 
nostic Systems: Methods From Signal Detection 
Theory. Orlando, Fla, Academic Press Ine, 1982. 

18. Metz CE: ROC methodology in radiologic 
imaging. Invest Radiol 1986;21:720-733. 

19. Seeley GW, Borgstrom M, Mazzeo J: A 
general interactive computer program for run- 
ning signal detection experiments. Behav Res 
Methods Instr 1982;14:555-556. 

20. Dorfman DD, Alf E: Maximum likelihood 
estimation of parameters of signal detection 
theory: A direct solution. Psychometrika 1968; 
33:117-124. 

21. Dorfman DD, Alf E: Maximum likelihood 
estimation of parameters of signal-detection the- 
ory and determination of confidence intervals: 
Rating method data. J Math Psychol 1969;6:487- 
496. 

22. McNeil BJ, Hanley JA: Statistical ap- 
proaches to the analysis of receiver operating 
characteristic (ROC) curves. Med Decis Making 
1984;4:137-150. 


CRT Display—Seeley et al 


~ 
tee —— _ ee 


231 Ged 








Ocular Complications of 


Arteriovenous Communications of the Retina 


Ahmad M. Mansour, MD; Craig G. Wells, MD; Lee M. Jampol, MD; Robert E. Kalina, MD 


è Primary arteriovenous communica- 
tions of the retina (AVCR) are usually 
considered to be stable retinal lesions. 
Complications were documented in seven 
cases of AVCR, including intraretinal mac- 
ular hemorrhage, central and peripheral 
retinal vein occlusions, neovascular glau- 
coma, and vitreous hemorrhage. To 
explain these developments, a hypothesis 
is presented that AVCR are associated 
with localized decreased retinal arterial 
pressure, increased retinal venous pres- 
sure, increased turbulence of blood flow, 
and decreased perfusion of adjacent reti- 
nal tissues. 

(Arch Ophthalmol 1989; 107:232-236) 


(Pecan arteriovenous anasto- 

moses or communications (AVC) 
are occasionally noted in many parts 
of the body, including the extremi- 
ties,! the skin,’ the coronary vascula- 
ture, and the pulmonary vascula- 
ture.*’ Congenital AVC of interest to 
ophthalmologists include those in- 
volving the iris,® the orbit,’ the visual 
pathways,'*!! the remainder of the 
brain and dura mater,'?"* and the reti- 
na. We present complications noted 
in eyes with AVC of the retina 
(AVCR), including retinal and vitre- 
ous hemorrhages and retinal venous 
occlusions. A hypothesis is advanced 
to explain these complications. 


REPORT OF CASES 


Case 1.—A 23-year-old healthy man pre- 
sented to his ophthalmologist because of a 
sudden decrease in vision of the left eye 
following exercise. This case has been pre- 
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viously briefly mentioned." Best corrected 
visual acuities were 20/20 OD and 20/80 
OS. Examination revealed a left petaloid- 
shaped intraretinal hemorrhage and a 
more nasal superficial retinal hemorrhage 
(Color Fig 1). The AVCR were noted by 
fluorescein angiography near the macula 
at the 3:30- and 9:30-o’clock positions (Fig 
1). At follow-up 14 months later, visual 
acuity had returned to 20/20-1 OS with a 
residual relative scotoma superonasal to 
fixation, and resorption of the macular 
hemorrhage. The left macula showed fine 
hyperpigmentation just temporal to the 
fovea. 

Case 2.—This 26-year-old woman was 
seen in August 1981, for a routine eye 
examination. Corrected visual acuity was 
20/20 OU; the left fundus was normal, but 
two AVCR were seen in the right fundus 
(Color Fig 2). This case has been briefly 
cited previously." Hard exudates were seen 
along the superotemporal arcade, and 
equatorial retinal hemorrhages in the 
superotemporal quadrant were noted. 
Sheathed vessels distal to the superotem- 
poral AVCR showed no perfusion by fluo- 
rescein angiography (Figs 2 and 3). In 
October and December 1981, there was 
resolution of the retinal hemorrhages. In 
April 1982, multiple tortuous venous col- 
laterals were noted in the superotemporal 
quadrant. Hard exudates approached the 
fovea. The caliber of the superotemporal 
vein had decreased, with increased sheath- 
ing (Color Fig 3). In June 1985, multiple 
venous collaterals were present around the 
sheathed venous limb of the AVCR, with 
absence of surrounding retinal hemor- 
rhages or exudates. The impression was 
peripheral venous obstruction in conjunc- 
tion with “involution” of the AVCR. 

CASE 3.—A 35-year-old woman presented 
with a sudden onset of vitreous floaters in 
the right eye. She had known of an abnor- 
mal vessel in the right eye for several 
years. Visual acuity was 20/20 OU. The 
right eye had AVCR superior to the macu- 
la. Part of the arteriovenous loop was 
sheathed. Peripherally, a small amount of 
red blood was present in the vitreous gel at 
the most posterior part of an anastomotic 
loop. The area distal to the hemorrhage 
was not perfused, and leakage of fluoresce- 
in was noted in the area of the hemorrhage 
(Fig 4). A sickle cell preparation in this 
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black patient was negative. 

Examination 14 months later showed an 
elevated cluster of neovascular channels in 
the area previously obscured by hemor- 
rhage. During the following nine years, the 
neovascular tuft was replaced by fibrous 
tissue (Fig 5). No further vitreous hemor- 
rhages have occurred. 

CASE 4.—An asymptomatic 14-year-old 
girl was found in 1981 to have AVCR in the 
left eye (Fig 6), with a visual acuity of 
20/15 OU. The right fundus was normal. 
Two years later, she developed visual loss 
in the left eye but did not seek medical 
attention for nine months. Visual acuity, 
was 20/300 OS, and the fundus showed a 
swollen, pale optic disc, cystoid macular 
edema, diffuse retinal thickening, intra- 
retinal hemorrhage superotemporally, and 
sheathing of the AVCR and adjacent veins. 
Fluorescein angiography showed a pro- 
longed retinal circulation time. In 1984, 
visual acuity remained at 20/400 OS. The 
disc was atrophic, and venous collaterals 
had developed around the disc and tempo- 
ral to the macula (Fig 7). Fluorescein angi- 
ography was consistent with a central 
retinal vein occlusion. Large areas of capil- 
lary nonperfusion were apparent. Exami- 
nation one year later revealed decreased 
disc swelling and less prominent optocilia- 
ry venous collaterals with absence of 
rubeosis iridis. A computed tomographic 
scan of the head was normal. 

Case 5.—A 14-year-old girl had AVCR in 
the left eye discovered on routine examina- 
tion at the age of 9 years, with a visual 
acuity of 20/20 OU. She noted a mild 
decrease in visual acuity and a “dark spot 
in her vision” in the left eye six months 
before our examination. A visual acuity of 
20/30 OS with mild vitreous hemorrhage 
was found at that time. The patient related 
that two weeks prior to our examination, 
the external color of the left eye had 
changed, and the eye had become red and 
painful. Examination revealed hand- 
motion vision in the left eye, and large 
dilated conjunctival vessels, especially 
temporally. There was no proptosis. A 
mass near the left mandible felt like a “bag 
of worms.” The intraocular pressure was 
32 mm Hg in the left eye, with diffuse 
rubeosis of the iris and angle. The left eye 
had an edematous and hemorrhagic retina 
in the posterior pole, with a superior di- 


Ocular Complications—Mansour et al 





y SES 


pa Color Fig 1.—Case 1. Petaloid appearance of macular hemorrhage is 
accompanied by nasal tail of superficial retinal hemorrhage. 





Color Fig 3.—Case 2. Spontaneous partial involution of arteriovenous 
communications (AVCR) following retinal branch vein occlusion. There 
is severe attenuation and sheathing of venous side of AVCR with milder 
changes on arterial side of AVCR. Hard exudates extend toward 
fovea. 


lated arteriovenous loop. The remaining 
retinal veins were dilated and tortuous. 
The inferior fundus showed venous sheath- 
ing and a small amount of shifting subreti- 
nal fluid. The patient underwent panreti- 
nal laser photocoagulation for the ischemic 
central retinal vein occlusion. Total regres- 
sion of the rubeosis ensued, and the intra- 
ocular pressure was 12 mm Hg with topical 
timolol maleate therapy four months after 
laser treatment. 

A computed tomographic scan demon- 
strated multiple, enhancing tubular struc- 
tures in the soft tissues adjacent to the 
lateral aspect of the body and ramus of the 
left mandible. An arteriovenous malfor- 
mation involving the left buccal mucosa 
was documented by an otolaryngologist. 

CasE 6.—A 9-year old boy was found, on 
routine examination in February 1981, to 
have a large AVCR in the right eye (Fig 8), 
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Color Fig 2.—Case 2. Two arteriovenous communications of retina with 


marked sausage-shaped dilatation of surrounding arterial tree. 


with visual acuities of 20/30 OD and 20/20 
OS. Computed tomographic scans of the 
head and orbits were normal. The patient 
returned in April 1986, complaining of a 
sudden visual loss in the right eye. At that 
time, he was found to have a visual acuity 
of 4/200 OD, a right afferent pupillary 
defect, and evidence of an ischemic central 
vein occlusion by ophthalmoscopy (Color 
Fig 4) and fluorescein angiography. Neo- 
vascular glaucoma developed two months 
later and was controlled with two sessions 
of cyclocryotherapy. The visual acuity was 
hand motions, and the intraocular pres- 
sure was 19 mm Hg in the right eye in 
January 1987. 

CASE 7.—A 28-year-old woman com- 
plained of vitreous floaters in the right eye 
with a recurring stabbing right-sided fron- 
tal headache in August 1979. She was noted 
to have a vitreous hemorrhage. Brain and 





Color Fig 4.—Case 6. Central retinal vein occlusion with diffuse 
intraretinal edema and hemorrhage. 


computed tomographic scans of the head 
failed to reveal any abnormalities. The 
vitreous hemorrhage cleared subsequently, 
with no residual visual sequelae. In Novem- 
ber 1979, the patient had the sudden onset 
of a “black cloud” that obscured the vision 
in her right eye. She sought medical consul- 
tation two months later; her visual acuities 
were hand motions in the right eye and 
20/20 OS. There was a dense vitreous hem- 
orrhage, and an arteriovenous malforma- 
tion was perceptible, occupying part of the 
superior fundus. In March 1980, her vision 
had improved to counting fingers; only 
superior retinal vessels could be seen. Flu- 
orescein angiography revealed large dilat- 
ed vascular channels that corresponded to 
AVCR. In September 1980, her visual acuity 
had improved to 20/50 OD, and there was 
marked clearing of the vitreous hemor- 
rhage. Several AVC were then noted 
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Fig 1.—Case 1. Two arteriovenous communications of retina are noted 
near fovea at 3:30- and 9:30-o'clock positions in early arteriovenous 


phase (arrows). 





Fig 2.—Case 2. Early arteriovenous transit shows early filling of 
arteriovenous communications of retina (AVCR), sausaging due to 


annular constrictions of arterial part of AVCR, and multilaminar flow on 


venous side of AVCR. 





Fig. 3.—Case 2. Peripheral vascular occlusive disease is apparent as 
large areas of retinal nonperfusion. 


around the disc. The patient was trans- 
ferred overseas, and a communication with 
the patient in February 1987 revealed con- 
tinued recurring episodes of decreased 
vision in the right eye. 


RESULTS 


Ocular complications detected in 
our patients with AVCR and in 
reports from the literature'* are 
summarized in the Table. Macular 
hemorrhages occurred in a young sub- 
ject with subtle AVCR in the macula 


Fig 4.—Case 3. Nonperfusion of peripheral retina distal to area of 


fluorescein leakage (probable neovascularization) that is partially 
blocked by overlying vitreous hemorrhage. 


(case 1). Part of the hemorrhage was 
petaloid in shape and presumably 
located in the outer plexiform layer, 
and the remainder was superficial. 
There was complete resolution of the 
hemorrhage, with return of near-nor- 
mal vision after several months of 
follow-up. 

Spontaneous vitreous hemorrhage 
was the presenting sign in three cases. 
It was seen secondary to neovascular- 
ization in the context of ischemic 
peripheral retinal venous occlusive 
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disease (case 3), secondary to central 
retinal vein occlusion (case 6), and 
without any other obvious predispos- 
ing cause (case 7). 

Peripheral venous occlusive disease 
in the area of AVCR was noted in two 
other young adults (cases 2 and 3), and 
it was associated with partial resolu- 
tion of the AVCR in one patient (case 
2). Central retinal vein occlusion was 
noted in three patients (cases 4 
through 6), with the development of 
secondary neovascular glaucoma in 
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Fig 6.—Case 4. Montage on initial examination showing superotempo- 
ral arteriovenous communication of retina. 


Fig 5.—Case 3 (9 years later). Superotemporal arteriovenous commu- 
nications of retina with distal sheathed vessels and fibrotic elevated 


frond of neovascularization. 





Fig 7.—Case 4. Nine months after visual loss, optic disc appears pale 
and edematous and shows optociliary venous collaterals. Pigmentary 
changes in macula are secondary to chronic macular edema. There is 
sheathing and attenuation of superotemporal vasculature, including 


arteriovenous Communications of retina. 


two of the cases (cases 5 and 6). The 
neovascular glaucoma responded to 
panretinal photocoagulation (case 5) 
and cyclocryotherapy (case 6). 


COMMENT 


Most AVCR are stable lesions and 
do not lead to local ocular complica- 
tions. The cases reported here were 
culled retrospectively from the clini- 
cal practices of several active retinal 
groups, thus, the incidences of these 
complications cannot be determined. 
Case 1 demonstrates that spontaneous 
isolated macular hemorrhages can 
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Fig 8.—Case 6. ‘‘Bag of worms”’ appearance of arteriovenous commu- 
nication of retina emanating from optic disc. 
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* AVCR indicates arteriovenous communications of the retina. 
+Case 1 with a macular hemorrhage and case 2 with peripheral venous occlusions have been previously 
noted in table form by Mansour et al. '® 
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occur as a complication of AVCR. 
Spontaneous bleeding, although rare 
in the retina, is a common presenta- 
tion of AVC of the cerebral and pul- 
monary circulations.*”!” 

Cases 2 through 6 demonstrate 
peripheral and central venous occlu- 
sions in association with AVCR. Pre- 
viously reported instances of retinal 
venous occlusions in the context of 
AVCR include two cases with central 
retinal vein occlusion'’'* and four 
cases with branch retinal vein occlu- 
sion.’*'?3!| Venous occlusive disease 
may be associated with spontaneous 
regression or remodeling of AVCR.» 
Vaso-occlusive disease has been 
described around areas of AVC in 
dural and renal AVC,>5 as well as 
with carotid-cavernous fistulas% and 
traumatic AVC.* 

We present a hypothesis to explain 
the described complications in AVCR. 
The development of an AVCR is very 
likely associated with a _ local 
decreased resistance to blood flow and 
increased blood flow. This could lead 
to decreased arterial pressure and 
increased venous pressures in the 
region of AVCR, quite similar to 
physiologic findings in cerebral 
AVC.” The surrounding retina may 
be ischemic due to hypoperfusion 
from a steal phenomenon. Retinal or 
vitreal hemorrhages may occur from 
areas of capillary ischemia or areas of 
increased hydrostatic pressure. In- 
creased turbulent blood flow may con- 
tribute to venous occlusions. In- 
creased hydrostatic pressure and 
blood flow in the retinal veins may 
cause, “arterialization” and athero- 
sclerosis of the veins.”’*! These hemo- 
dynamic changes could lead to endo- 
thelial injury that may lead to throm- 
bosis of the retinal veins. Although 
this hypothetical course of events is 
logical, other pathogenetic mecha- 
nisms could also apply. 

Patients with AVCR should be 
aware that they are at risk for visual 
loss due to the complications 
described in this communication. 
Therapeutic modalities used for sys- 
temic AVC, such as balloon emboliza- 
tion, ligation of the feeding artery, 
resection of the malformation, or x- 
ray therapy are presently not applica- 
ble to the eye. Direct laser photocoag- 
ulation of AVCR is not practiced 
because of the difficulty in closing 
these vessels, the danger of intraocu- 
lar bleeding, and the possibility that 
retinal ischemia and its complications 
might be induced. Complications, such 
as vitreous or macular hemorrhage, 
should, in general, be managed con- 
servatively. The development of 


rubeosis iridis or retinal neovasculari- 
zation can be managed with panreti- 
nal photocoagulation. Although our 
numbers are small, the development 
of neovascular glaucoma in two of our 
three cases of AVCR associated with 
central retinal vein occlusion suggests 
that prophylactic panretinal photoco- 
agulation should be considered in this 
subgroup of patients. 


This study was supported by an unrestricted 
grant from the Research to Prevent Blindness, 
Inc, New York. 

Mark Daily, MD, Joseph Walsh, MD, and Nich- 
olas Hrisomalos, MD, supplied material for this 
study. 
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The Wisconsin Epidemiologic Study of 
Diabetic Retinopathy 


IX. Four-Year Incidence and Progression of Diabetic Retinopathy 


When Age at Diagnosis Is Less Than 30 Years 


Ronald Klein, MD, MPH; Barbara E. K. Klein, MD, MPH; Scot E. Moss, MA; Matthew D. Davis, MD; David L. DeMets, PhD 


è Population-based epidemiologic 
data on the incidence and progression of 
diabetic retinopathy are important in med- 
ical counseling and rehabilitative services 
: and for developing approaches to pre- 
venting diabetic retinopathy. We per- 
formed a population-based study in south- 
ern Wisconsin of insulin-taking diabetic 
persons diagnosed before 30 years of 
age. Of the 271 who had no retinopathy at 
the first visit, 160 (59%) developed it by 
the time they were reexamined four years 
later, and 75 (11%) of the 713 free of 
proliferative diabetic retinopathy devel- 
oped it. Overall, worsening of retinopathy 
occurred in 41% of the population, where- 
as improvement occurred in only 7%. The 
incidence of proliferative retinopathy 
rose with increasing duration until 13 to 
14 years of diabetes, thereafter remain- 
ing between 14% and 17%. These inci- 
dence data underscore the need for care- 
ful ophthalmologic follow-up of these peo- 
ple. 

(Arch Ophthalmol 1989; 107:237-243) 


Accurate data concerning the inci- 
dence and progression of diabetic 
retinopathy and associated risk fac- 
tors are important in planning a well- 
coordinated approach to the public 
health problems this complication 
. poses. These data are important for 
estimating the need for medical coun- 
seling and rehabilitative services, pro- 
jecting costs, measuring temporal 
trends, developing causal inferences, 
and designing future studies such as 
controlled clinical trials of treatment 
of diabetes and prevention of its com- 
plications. 

Previous studies of the incidence 
and progression of retinopathy have 
been limited by the size or the select 
nature of the groups studied, or by 
failure to use objective recording of 
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retinopathy." The objectives of the 
Wisconsin Epidemiologic Study of 
Diabetic Retinopathy were as follows: 
(1) to describe the incidence and pro- 
gression of diabetic retinopathy and 
its component lesions, and to deter- 
mine the incidence of visual impair- 
ment in a large population-based 
cohort; and (2) to determine the rela- 
tionships between incidence and pro- 
gression of diabetic retinopathy and 
risk factors in this cohort. 

This report describes the methods 
used at the baseline and four-year 
follow-up examinations, and the rela- 
tionships found between incidence 
and progression of retinopathy and 
age at examination, sex, duration of 
diabetes, and baseline retinopathy 
severity in insulin-taking persons 
with diabetes diagnosed before the 
age of 30 years. 


SUBJECTS AND METHODS 
The Population 


The population has been described in 
detail in previous reports.'’'? In brief, 452 
of the 457 physicians who provided prima- 
ry care to diabetic patients in an 11-county 
area in southern Wisconsin (Health Ser- 
vice Area 1) participated in the study. They 
kept lists of all diabetic patients for whom 
they provided primary care from July 1, 
1979, to June 30, 1980. Over this year, 10135 
diabetic patients were identified. Medical 
records of 9841 of these patients were 
reviewed to assess whether the eligibility 
criteria were met. Of these 9841 persons, 
338 (3.4% ) were confined to nursing homes, 
157 (1.6% ) had died before July 1, 1979, 45 
(0.5%) did not have diabetes (incorrect 
computer coding), and 18 (0.2%) had 
moved before July 1, 1979, or had gesta- 
tional diabetes. The charts of these 558 
persons were reviewed for demographic 
data only. Of the remaining 9283 persons, 
1396 (15.0%) were diagnosed before 30 
years of age and 7887 (85.0%) were diag- 
nosed at 30 years of age or older. 

A sample of 2990 persons was selected 
for the baseline examination. This sample 
was composed of two groups. The first 
group consisted of all patients diagnosed 
as having diabetes before 30 years of age 
who took insulin (1210 patients); this group 
will be the subject of this report. 

Of the 1210 eligible patients with onset 
at a younger age, 996 (82.3% ) participated 
in the baseline examination from 1980 to 


1982. Reasons for nonparticipation and 
comparisons between participants and 
nonparticipants have been presented else- 
where."* 


Procedures 


The baseline (1980 to 1982) and follow-up 
(1984 to 1986) examinations were per- 
formed in a mobile examination van in or 
near the city where the participants resid- 
ed. Pertinent parts of the ocular and phys- 
ical examinations included measuring the 
weight, height, blood pressure,” intraocu- 
lar pressure, and best-corrected visual acu- 
ity (using the Early Treatment Diabetic 
Retinopathy Study [ETDRS] protocol mod- 
ified for a distance of 2 m)”; performing a 
slit-lamp examination for chamber depth 
and the presence of iris neovascularization; 
dilating the pupils; taking stereoscopic col- 
or fundus photographs of seven standard 
fields and a nonstereoscopic red reflex 
(lens) photo of each eye; performing a 
semiquantitative determination of glucose, 
ketone, and protein levels in the urine 
using dipsticks (Labstix); and determining 
blood glucose and glycosylated hemoglobin 
levels from a finger-prick capillary blood 
sample. Blood glucose level was measured 
in a semiquantitative fashion using a 
reagent strip for visual estimation by a 
glucose oxidase/peroxidase reaction 
(Chemstrip bG). Glycosylated hemoglobin 
was determined using a resin microcolumn 
technique.” A structured interview was 
conducted. 


Grading Protocol 


At both the baseline and follow-up 
examinations, two levels of grading were 
carried out on the fundus photographs. 
First, a preliminary grading was per- 
formed by one of two senior graders at the 
University of Wisconsin Fundus Photo- 
graph Reading Center.” After examining 
all of the photographic fields for the entire 
eye, the grader recorded a determination 
of the overall retinopathy level, with some 
supporting detail when appropriate. This 
review, among other things, was used to 
prepare a report for the primary care 
physician and the participant. 

Second, a detailed grading was per- 
formed by one of several graders.” This 
assessment consisted of a field-by-field, 
lesion-by-lesion evaluation of each photo- 
graph set for each eye using the ETDRS 
adaptation of the modified Airlie House 
classification of diabetic retinopathy.” 
Results were recorded on the Detailed Col- 
or Grading Form (ETDRS form 76).” 


Wisconsin Study IX—Klein et al 237 


A computer program analyzed the 
detailed gradings to derive a general reti- 
nopathy level. That level for each eye was 
compared with the level from the prelimi- 
nary grading. When the two determina- 
tions disagreed, the eye was regraded for 
general level by another grader. If that 
grader agreed with either of the first two 
determinations, that result was accepted. 
If discrepant, the case was referred to the 
most senior grader at the Fundus Photo- 
graph Reading Center for adjudication. 

Photograph sets were examined in ran- 
dom order for the detailed grading so as to 
avoid possible bias relating to particular 
physicians, clinics, localities, or temporal 
trends. Both levels of grading involved 
concurrent examination of both right and 
left eyes. 

To determine the validity of the severity 
level assigned to a given eye, the following 
scheme was devised. A random sample of 
200 right eyes was selected. The criterion 
for selection was that a complete set of 
photographs from each visit was available. 
A senior grader assigned the level of sever- 
ity to each set of photographs after review- 
ing both sets of photographs and the previ- 
ous gradings. Reasons for discrepancies 
between the previously assigned levels and 
those assigned during this evaluation 
included grader error, quality of photo- 
graphs, and discrepant definition of the 
photographic fields.” 


Definitions 


For each eye, the maximum grade in any 
of the seven standard photographic fields 
was determined for each of the lesions and 
used in defining the “retinopathy levels” 
as follows: 

Level 10.—No retinopathy. 

Level 21.—Microaneurysms only or blot 
hemorrhages or soft exudates 
in the absence of microaneu- 
rysms. 

Level 31.—Microaneurysms and one or 
more of the following: retinal 
hemorrhage, but total of 
hemorrhages and microaneu- 
rysms (H/MA) less than 
those in Standard Photo- 
graph (SP) 2A**; hard exu- 
dates; soft exudates question- 
ably present; intraretinal mi- 
crovascular abnormalities 
(IRMA) questionably present; 
venous beading questionably 
present; venous loops defi- 
nitely present. 

Level 41.—Microaneurysms and one or 
more of the following: soft 
exudates definitely present; 
IRMA definitely present but 
less than that necessary for 
level 51. 

Level 51.—Microaneurysms and one or 
more of the following: venous 
beading definitely present; 
H/MA equalling or exceeding 
those in SP 2A**; or IRMA 
present in fields 4 to 7 and 
equalling or exceeding those 
in SP 8A* in at least two 
fields. 


Level 60.—F ibrous proliferations only. 

Level 61.—No evidence of levels 60 or 65 
but scars of photocoagulation 
either in “scatter” or conflu- 
ent patches, presumably di- 
rected at new vessels. 

Level 65.—New vessels on or within 1 
disc diameter (DD) of the disc 
graded less than SP 10A*; 
new vessels elsewhere of any 
extent or preretinal or vitre- 
ous hemorrhage, but level 70 
definition not met. 

Level 70.—Diabetic Retinopathy Study 
high-risk characteristics 
(DRS-HRC) include one or 
more of the following: new 
vessels elsewhere greater 
than half a disc area in any 
single photographic field and 
preretinal hemorrhage or vit- 
reous hemorrhage in any 
field; new vessels on or within 
1 DD of the dise graded less 
than SP 10A* with preretinal 
or vitreous hemorrhage; new 
vessels on or within 1 DD of 
the disc graded greater than 
or equal to SP 10A* with or 
without preretinal or vitreous 
hemorrhage. 

Level 80.— Eyes that could not be graded 
for retinopathy level because 
of vitreous hemorrhages ob- 
scuring the retina, phthisis 
bulbi, or enucleation second- 
ary to a complication of dia- 
betic retinopathy. 

In some analyses, eyes with proliferative 
retinopathy levels 60 through 80 are 
grouped together and noted as level 60+. 
Eyes that could not be graded for retinop- 
athy level because of opacities in the media 
or enucleation not related to diabetic reti- 
nopathy were placed in a “cannot grade” 
category. 

The retinopathy level for a participant 
was derived by giving the eye with the 
higher level greater weight. For example, 
the level for a participant with level 31 
retinopathy in each eye is specified by the 
notation “level 31/31,” whereas that for a 
participant with level 31 in one eye and any 
less severe retinopathy level in the other 
eye is noted as “level 31/<31.” This scheme 
provided either an 1l-step scale (10/10, 
21/<21, 21/21, 31/<31, 31/31, 41/<41, 41/ 
41, 51/<51, 51/51, 60+/<60+, and 60+/ 
60+) when all levels of proliferative reti- 
nopathy are grouped as one level, or a more 
expanded, 19-step scale if the level of any 
proliferative retinopathy (60+) is split into 
the five levels as defined above (levels 60, 
61, 65, 70, and 80). The additional steps are 
60/<60, 60/60, 61/<61, 61/61, 65/<65, 65/ 
65, 70/<70, 70/70, 80/<80, and 80/80. For 
purposes of classification, if the retinopa- 
thy severity could not be graded in an eye, 
the participant was considered to have a 
score equivalent to that in the other eye. 

The incidence of any retinopathy was 
estimated from all persons who had no 
retinopathy at the baseline examination 
(level 10/10) and who participated in the 
follow-up examination. Any retinopathy 
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was defined as retinopathy severity level 
21/<21 or worse at the follow-up examina- 
tion. Progression to proliferative retinopa- 
thy was estimated from all persons who 
were classified as having no or nonprolif- 
erative retinopathy severity level 51/51 or 
better at the baseline examination. Prolif- 
erative retinopathy was defined as reti- 
nopathy severity level 60/<60 or worse at 
the follow-up examination. For persons 
with nonproliferative or no retinopathy, 
progression was defined as an increase in 
the retinopathy severity by two steps (10/ 
10 to 21/21 or worse, 21/<21 to 31/<31 or 
worse, 21/21 to 31/31 or worse, 31/<31 or 
41/<41 or worse, 31/31 to 41/41 or worse, 
41/<41 or 51/<51 or worse, 41/41 to 51/51 
or worse, 51/<51 to 60+/<60+ or worse, 


and 51/51 to 60+/60+). Improvement in’ 


retinopathy severity was defined as the 
inverse of progression. Progression and 
improvement were examined separately in 
persons who had proliferative retinopathy 
at the baseline examination because many 
of these individuals had received panreti- 
nal photocoagulation treatment. 

Current age was defined as the age at 
the time of the baseline examination in 
1980 to 1982. Age at diagnosis of diabetes 
was defined as the age at the time the 
diagnosis was first recorded by a physician 
on the patients chart or on a hospital 
record. The duration of diabetes was the 
period between the age at diagnosis and 
the age at the baseline examination. 

Wisconsin Storage and Retrieval, an 
information-processing software system, 
was used for processing all subject files.” 
Statistical Analysis System was used for 
calculating Student’s ¢ test and the x 
statistic.” Tests for linear trends in fre- 
quencies were done according to the meth- 
od described by Armitage.” Sample size 
estimates were calculated according to a 
method described by Fleiss.” 


RESULTS 


The mean and median time between 
the baseline and follow-up examina- 
tions was 4.0 years (SD, 0.3 years). Of 
the 996 persons who had participated 


in the baseline examination, 891 ` 


(89.5% ) participated in the follow-up 
examination. Sixty-four (6.4% ) of the 
original cohort died. Four (0.4%) 
could not be located. Twelve (1.2%) 
permitted an interview only, and only 
25 (2.5%) refused to participate. Of 
the 932 surviving persons who had 
participated in the baseline examina- 
tion, 95.6% were reexamined four 
years later. 

The 105 nonparticipants were more 
likely at the baseline examination to 
be older and to have a longer duration 
of diabetes, a higher systolic blood 
pressure, a larger body mass, protein- 
uria, more severe visual impairment, 
and more severe retinopathy than the 
891 who participated in the follow-up 
examination (Table 1). No significant 
differences between participants and 
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d 


Baseline Characteristic 


Age at diagnosis, y 

Duration, y 

Current age, y 

Glycosylated hemoglobin, % 
Systolic blood pressure, mm Hg 
Diastolic blood pressure, mm Hg 
Body mass, kg/m? 


>20/40 
20/40-20/63 
20/80-20/ 160 
<20/200 


Mild nonproliferative 
Moderate nonproliferative 
PDR* 


* PDR indicates proliferative diabetic retinopathy. 


nonparticipants were found for sex, 
age at diagnosis, glycosylated hemo- 
globin values, and diastolic blood 
pressures as measured at the baseline 
examination. 

Direct comparison by a senior grad- 
er of 200 right eyes, for which com- 
plete sets of baseline and follow-up 
examination photographs were 
present, revealed seven one-level dis- 
agreements with the baseline data as 
previously determined by the system 
(double grading, edit, and adjudica- 
tion if necessary).” There were 8 one- 
level, 4 two-level, and 2 three-level or 
greater disagreements at the follow- 
up examination. The unmasked senior 
grader tended to call more severe ret- 
inopathy present more often than did 
the system. Errors in grading were 
associated with deviation of one of the 
seven standard photographic fields 
from the location defined in the proto- 
col or with one or more missing fields 
in seven eyes and with poor focus or 
clarity in ten eyes. In 17 eyes, subtle 
lesions missed by the graders in base- 
line photographs were identified 
when attention was called to the 
involved area during direct compari- 
son with follow-up photographs. 

Over the four-year period, based on 
the direct comparisons of the 200 eyes 
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Participants 
= : 


891 (14.5 + 7.5) 
891 (13.8 + 9.8) 
891 (28.3 + 12.4) 
845 (12.5 + 2.6) 
884 (123 + 19) 
882 (79 + 11) 
889 (23.4 + 4.3) 


~~ 450 (50.5) 
441 (49.5) 


"694 (81.3) 
160 (18.7) __ 


~ 832 (93.7) 
26 (2.9) 
10 (1.1) 


281 (31.5) 
161 (18.1) 
178 (20.0) 


777 (87.2) 
114 (12.8) 


by the senior grader, 76 eyes would 
have been classified as having pro- 
gressed by one or more levels, 99 
would have remained unchanged, 20 
would have been classified as having 
improved by one or more levels, and 
five would be considered not gradable. 
These findings were not significantly 
different than those of the system, 
where eyes were classified as having 
progressed 77 times, having remained 
unchanged 93 times, having improved 
27 times, and being ungradable three 
times. 

There were 271 persons with no 
retinopathy (level 10/10) at the base- 
line examination who participated in 
the four-year follow-up examination 
who were at risk of developing reti- 
nopathy (levels 21/<21 to 60+/60+). 
Of these, 160 persons (59.0%) were 
found to have retinopathy at the four- 
year examination (Table 2). 

Of persons who developed retinopa- 
thy, 34.4% (55/160) developed only 
microaneurysms in one eye, 3.8% (6/ 
160) developed only blot hemorrhages 
in one eye, 33.8% (54/160) developed 
only microaneurysms in both eyes, 
and 28.1% (45/160) developed micro- 
aneurysms and other lesions. Only one 
participant (0.4%) without retinopa- 
thy at the baseline examination devel- 


Nonparticipants 


Madero, 2 ai Se. 
105 (15.7 + 7.9) 
105 (22.1 + 14.1) 
105 (37.8 + 17.4) 
98 (12.9 + 2.6) 
103 (138 + 30) 
102 (80 + 14) 


105 (24.3 + 4.3) 
a MENON iaf = æ 
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62 (59.0) 


35 (37.6) 
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81 (77.9) 
7 (6.7) 
4 (3.8) 


22 (21.0) 
14 (13.3) 





oped proliferative diabetic retinopa- 
thy during the four-year follow-up 
period. 

There were 376 persons with reti- 
nopathy (levels 21/21 to 60+/60+) at 
the baseline examination who partici- 
pated in the four-year follow-up 
examination who were at risk of 
improving by two steps or more. Of 
these, 26 persons (6.9% ) were found to 
have an improvement in their retinop- 
athy severity at the four-year exami- 
nation (Table 2). There were 713 per- 
sons at the baseline examination in 
whom the retinopathy was less severe 
than the proliferative phase (levels 
10/10 to 51/51). The status of their 
retinopathy at the follow-up examina- 
tion could have remained unchanged 
(staying within one step of their orig- 
inal level), improved, or progressed by 
two or more levels. Of these, 393 
(55.1%) did not change, 294 pro- 
gressed (41.2%), of whom 75 (10.5%) 
progressed to proliferative retinopa- 
thy, and 26 (3.6% ) improved. 

The relationship between sex and 
incidence of any retinopathy, im- 
provement, progression, or progres- 
sion to proliferative retinopathy is 
examined in Table 2. Women had a 
slightly higher incidence of any reti- 
nopathy, and men had a slightly high- 
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er rate of progression to proliferative 
retinopathy. These differences were 
not statistically significant (P > .05). 
Women had a higher rate of improve- 
ment in the retinopathy severity than 
did men, but it did not reach statisti- 
cal significance. 

A significant trend (P < .0001) for 






Male 
No. at risk 143 





95% Cl 





47.8, 64.0 





No change, % 54.5 


43.2 





95% Cl 8.0, 14.6 





Table 2.—Incidence of Any Retinopathy, Improvement or 
Progression of Retinopathy, or Progression to PDR by Sex* 






55.9 62.5 59.0 
No. at risk 181 195 376 


Improvement, % 4.4 9.2 6.9 
95% Cl 1.4, 7.4 §.1, 13.3 4.3, 9.5 
No. at risk 354 359 713 


95% Cl 49.3, 59.7 50.6, 60.8 51.4, 58.8 





increasing incidences of retinopathy 
was found with increasing age (Table 
3). The sharpest increase in incidence 
occurred in persons who were 10 to 12 
years old at the baseline examination. 
Rates of progression of retinopathy 
rose steadily with increasing age until 
15 to 19 years of age, after which there 








Female Total 
128 271 















54.1, 70.9 53.1, 64.9 














55.7 55.1 











39.3 








6.7, 12.9 3.2, 12.8 





* PDR indicates proliferative diabetic retinopathy; Cl, confidence interval. Number at risk for incidence of any 
retinopathy refers to group that had no retinopathy (level 10/ 10) at the baseline examination and were at risk of 
developing retinopathy at the follow-up examination. Number at risk for improvement in retinopathy refers to 
those with retinopathy levels of 21/21 to 51/51 at baseline who could have a decrease in their retinopathy 
severity by at least two steps or more at the follow-up examination. Number at risk for no change, progression, 
or progression to PDR refers to those with retinopathy levels of 10/10 to 51/51 who either did not change by 
two or more steps or progressed by two or more steps. See "Subjects and Methods” section for further 


detail. 


was a gradual decline. No person 
younger than 13 years of age at the 
baseline examination was found to 
have proliferative retinopathy at the 
follow-up examination. Increasing 
rates of incidence of proliferative reti- 
nopathy with increasing age were 
found in persons 14 to 30 years of age. 
The increase appears to level off after 
30 years of age. 

The relationship between duration 
of diabetes at the baseline examina- 
tion and incidence, improvement, pro- 
gression, or progression to prolifera- 
tive retinopathy is given in Table 3. A 
significant trend (P<.0001) was 
found for increasing incidence of reti- 
nopathy with increasing duration of 
diabetes. Higher rates of progression 
of retinopathy were found with 
increasing duration in persons with 
fewer than 15 years of diabetes; there- 
after, lower progression rates and 
higher rates of improvement were 
found. Incidence of proliferative reti- 
nopathy increased with increasing 
duration until 13 to 14 years of diabe- 
tes at baseline; thereafter, the inci- 
dences varied between 14.3% and 
16.7%. Only one person with four or 
fewer years of diabetes at the baseline 
examination was found to have prolif- 
erative retinopathy at the follow-up 
examination. 


Table 3.—Incidence of Any Retinopathy, Improvement or Progression of Retinopathy, or Progression to PDR by Age and by Duration of 


Age or Duration 
of Diabetes 
at Baseline 

Examination, y 


of Any 


Incidence 


Retinopathy, 


Diabetes at Baseline Examination * 


No. at 
Risk 


Improvement, 


fail 
3.7 
6.0 
8.8 
8.1 
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No Progression 
to PDR, 
% 





* See Table 2 and ‘‘Subjects and Methods” section for definition of at-risk groups. PDR indicates proliferative retinopathy. 
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Retinopathy Severity 


E 


Table 4.—Relationship of Change in Retinopathy Severity by Retinopathy Severity at Baseline Examination * 


Improvement, No Change, 


Progression, 


Progression to 


PDR, DRS-HRC, 





* See Table 2 and "Subjects and Methods”’ section for definition of at-risk groups. PDR indicates proliferative retinopathy; and DRS-HRC, proliferative retinopathy with 
Diabetic Retinopathy Study high-risk characteristics for severe visual loss of 5/200 or worse.?4 


No consistent trend for any pro- 
gression was found with baseline reti- 
nopathy severity (Table 4). However, 
there was a significant trend 
(P < .001) for progression to prolifer- 
ative retinopathy with increasing 
severity of retinopathy at the baseline 
examination. The four-year risk of 
developing proliferative retinopathy 
was 42.4% (95% confidence interval, 
29.8, 55.0) in persons with level 41 
(moderate nonproliferative retinopa- 
thy) in both eyes. 

There were 226 persons at the base- 
line examination who were found to 
have proliferative retinopathy in at 
least one eye. Only 178 were reexam- 
ined four years later. Of those not 
reexamined, 87.5% had died. Persons 
with proliferative retinopathy with 
DRS-HRC or worse had significantly 
(P= .018) higher mortality (26.3% 
[25/95]) than those with less severe 
proliferative retinopathy (13.0% [17/ 
131]). Of those persons with active 
proliferative retinopathy in at least 
one eye (level 65) who were reexam- 
ined four years later, 13.8% (13/94) 
were found to have proliferative reti- 
nopathy with DRS-HRC (level 70) in 
at least one eye, and 2.1% (2/94) were 
found to have progressed beyond 
DRS-HRC and to have lost vision in at 
least one eye (level 80) at the follow- 
up examination. Of those with DRS- 
HRC in at least one eye who were 
reexamined four years later, 21.1% 
(8/38) had progressed to level 80 in at 
least one eye and 5.3% (2/38) in both 
eyes. 


COMMENT 


Most information about the inci- 
dence or progression of diabetic reti- 
nopathy has been derived from 
studies of select groups of diabetic 
patients attending specific clinics, 
where patients with severe disease 
may be overrepresented.: Analy- 
ses of the incidence data available 
from the few population-based sur- 
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veys (Pima Indians, Mayo Clinic, 
Rochester, Minn) have been limited by 
the small sample size of insulin- 
dependent patients studied,'*'* the 
short follow-up times,” or the use of 
less sensitive or objective methods of 
detecting retinopathy.'*'* The Wiscon- 
sin Epidemiologic Study of Diabetic 
Retinopathy provides data on the inci- 
dence and progression of diabetic reti- 
nopathy in a geographically defined 
population of diabetic persons. This 
study is unique in that a large cohort 
with a broad distribution of retinopa- 
thy severity was reexamined after a 
four-year interval. The drop-out rate, 
due primarily to death, was small 
(10.5%). Both visits used the same 
standardized protocols for the exami- 
nation, for the recording of retinopa- 
thy by stereoscopic fundus photo- 
graphs, and for grading the retinopa- 
thy. 

Because of variations in the compo- 
sition and sizes of the groups previ- 
ously studied, in the methods used to 
detect and evaluate the severity of 
retinopathy, and in the follow-up 
times, it is difficult to compare the 
four-year incidence of any retinopa- 
thy (59.0%) and of proliferative reti- 
nopathy (10.5%) found in our study 
with incidences from previous studies. 
The rates reported herein are signifi- 
cantly higher than those found in 
studies that used retrospective re- 
views of clinical records in which reti- 
nopathy was determined by direct 
ophthalmoscopy'*”” but closer to those 
in which the presence and severity of 
retinopathy were detected by grading 
of fundus photographs.'°*°*! 

Different relationships were found 
for the duration of diabetes and each 
of the following: the incidence of any 
retinopathy, improvement, progres- 
sion of retinopathy, and incidence of 
proliferative retinopathy. Fifty per- 
cent of the 137 people with less than 
five years’ duration of diabetes devel- 
oped any retinopathy during the four- 


year interval between examinations. 
For people with longer duration of 
diabetes, the rates continued to 
increase but at a slower pace com- 
pared with those with shorter dura- 
tion. The risk of developing retinopa- 
thy in those who had escaped it 
regardless of the duration of diabetes 
was high, even after ten years of 
previously retinopathy-free diabetes 
(73.7%). This is consistent with the 
finding in the prevalence study: after 
20 years of diabetes, approximately 
97% of persons with onset at a youn- 
ger age (<30 years of age) were found 
to have diabetic retinopathy.” 

To address the issue of change in 
retinopathy over the four years of the 
study, certain conventions were 
adopted. We defined change to be two 
steps on an ordinal scale. The divi- 
sions on the scale are defined by the 
retinopathy level in both eyes at each 
time. The change in severity is calcu- 
lated as the difference of two steps or 
more in the combined score (for exam- 
ple, from level 21/21 to 31/31). Though 
this might obscure some changes in 
the severity of retinopathy, in prac- 
tice it has little effect because of the 
similarity in the two eyes. Another 
concern raised by this strategy con- 
cerns the fact that this scale is ordi- 
nal. Therefore, intervals between lev- 
els of severity of retinopathy are of 
unknown and probably variable “size” 
anywhere along the scale. This may, 
in part, explain the variability in 
rates of progression among the differ- 
ent retinopathy levels. Nonetheless, 
this scale is “predictive” of the inci- 
dence of proliferative retinopathy and 
visual loss.” Thus, it has validity as a 
sequential ordering of severity. 

For persons who already had reti- 
nopathy at the baseline examination, 
the risk of progression was greatest 
(43.6% ) in those with fewer than 15 
years of diabetes compared with those 
with longer duration (34.6% ), whereas 
improvement in retinopathy severity 
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was more likely after 20 years of 
diabetes. These findings are consis- 
tent with earlier reports.'°*° Klein et 
al” found that the risk of progression 
of retinopathy declined from 69.5% 
for persons with five to nine years’ 
duration to 40.5% for those with 15 or 
more years of diabetes. The lower rate 
of progression in persons with longer 
duration of diabetes may reflect a 
higher mortality in this group, which 
masks the tendency to have higher 
rates of progression. 

The incidences of proliferative reti- 
nopathy generally rose with increas- 
ing duration of disease in persons 
with fewer than 15 years of diabetes; 
lower rates were often found with 
longer duration. This finding is con- 
sistent with a previous report by Kro- 
lewski et al.'! They reported the inci- 
dence of proliferative retinopathy to 
vary from 1.5 per 1000 person-years of 
follow-up in persons with five to nine 
years of diabetes to 31.1 per 1000 
person-years of follow-up in persons 
with 15 to 19 years; after this the rates 
remained constant.'! There are a num- 
ber of possible explanations for this 
finding. First, factors necessary for 
the progression of nonproliferative 
retinopathy may be less frequent 
after 20 years of diabetes. For exam- 
ple, proteinuria and diabetic nephrop- 
athy are less likely to develop anew 
after 15 years of diabetes than 
before.” Diabetic nephropathy has 
been found to be associated with 
hypertension, abnormalities of lipo- 
protein metabolism (an increase in 
serum low-density lipoprotein choles- 
terol and in serum triglycerides and a 
decrease in serum high-density lipo- 
protein cholesterol), abnormalities in 
blood viscosity, and increased platelet 
adhesiveness.*** If these physiologic 
changes cause progression of nonpro- 
liferative retinopathy to proliferative 
disease at a similar rate as progres- 
sion of renal disease, then risk of 
proliferative disease would be ex- 
pected to diminish after 15 years of 
diabetes. Second, persons with longer 
duration and more severe retinopathy 
are at greater risk of death due to 
renal and cardiovascular disease.” 
This might cause an apparent 
decrease in the incidence of prolifera- 
tive retinopathy in persons with long 
duration of diabetes if proliferative 
retinopathy were undetected before 
death (or nonparticipation). 

Progression to proliferative reti- 
nopathy was associated with severity 
of baseline retinopathy. Our four-year 
estimate of progression to prolifera- 
tive retinopathy in persons with level 
41/41 was 42.4%. This is similar to 





estimates from the incidence study 
reported by Klein et al.” The DRS 
study reported progression rates in 
eyes with level 40 of 50% per year.‘ 
However, the severity of diabetic reti- 
nopathy in persons in whom that rate 
is based was more severe than in the 
current study; the fellow eye had 
active proliferative retinopathy. In 
our study, the severity of retinopathy 
in the fellow eye was no worse than 
level 41. 

Data from this study confirm previ- 
ous observations of a lowered risk of 
developing retinopathy in children in 
the first decade of life. The rela- 
tive risk of developing any retinopa- 
thy in persons who were 10 to 12 years 
of age at the baseline examination 
(and who presumably entered or went 
through puberty during the four-year 
interval between the examinations) 
compared with those who were less 
than 10 years of age was 3.6 (95% 
confidence interval, 1.4, 9.1). The high- 
er incidence of retinopathy after 
puberty has been hypothesized to be a 
result of metabolic (poorer control)*2 
and hormonal changes (increased 
growth hormone levels, elevations in 
secondary growth factors, ie, insulin- 
like growth factors I and II)*** and 
changes in sex hormones, such as tes- 
tosterone levels, that occur around the 
time of puberty.* 

No significant difference in the 
incidence of any retinopathy was 
found with sex. This has been re- 
ported by others.'°*’ The 15% higher 
relative risk for development of pro- 
liferative disease in men compared 
with women, and the greater likeli- 
hood of improvement of nonprolifera- 
tive retinopathy in women compared 
with men, may explain the previously 
reported finding of a significantly 
higher prevalence of proliferative ret- 
inopathy in men compared with 
women.!84849 

Our data are consistent with cur- 
rent guidelines for ophthalmologic 
care for insulin-dependent diabetic 
persons with onset at a younger age.” 
Ophthalmologic care for detection of 
vision-threatening retinopathy is not 
indicated in persons who are younger 
than 12 years of age because prolifer- 
ative disease is rare. Persons 13 years 
of age or older who have five or more 
years of diabetes or have mild nonpro- 
liferative retinopathy (level 31/31) 
should receive careful ophthalmologic 
examinations because of the increased 
risk of developing proliferative dis- 
ease. Diabetic patients should be 
informed that although the risk of 
developing proliferative retinopathy 
decreases after 20 years of diabetes, it 
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still remains at approximately 4% per 
year, therefore necessitating contin- 
ued ophthalmologic examinations. 

These longitudinal data should 
prove of value in designing clinical 
trials that evaluate interventions to 
prevent incidence of new events or 
progression of existing lesions. For 
example, when the Diabetes Control 
and Complications Trial was de- 
signed, this type of follow-up was not 
available.” Rather, prevalence data 
were used from our baseline examina- 
tion, making certain assumptions 
about the relationship between preva- 
lence and incidence.*? Had our inci- 
dence data been available, this design 
process would have been easier. 

These incidence data can be used to 
estimate sample size requirements for 
future clinical trials. For example, 
suppose a new agent is to be tested in 
an insulin-dependent group of diabet- 
ic patients with no retinopathy (level 
10/10). For purposes of the trial, 
inclusion criteria for entry into the 
study include age (18 to 45 years) and 
duration of diabetes (two to 15 years). 
Significant progression of retinopa- 
thy is defined as a two-step change 
(from level 10/10 to 21/21 or worse). 
The four-year estimate of progression 
from our study for this cohort is near- 
ly 50%. If a 5% (two-tailed) signifi- 
cance level and 80% power is 
assumed, to detect a 30% reduction 
would require a total sample size of 
390 subjects in a prevention study; for 
90% power, it would require 504 sub- 
jects. 

Misclassification of both exposures 
and outcomes can result in failure to 
find relationships when they exist in 
the reporting of erroneous rates. We 
found a low rate of overall misclassifi- 
cation of either progression (0.5% ) or 
improvement (3.5%). Thus, the reli- 
ability of the system is quite high. 
New retinopathy levels for nonprolif- 
erative retinopathy, 21, 31, 41, and 51, 
are introduced in this report. The 
change from earlier systems is based 
on findings from our earlier preva- 
lence study® as well as from other 
studies* and clinical trials (M. D. 
Davis, MD, oral communication, 
December 1987). The new level 21 rep- 
resents levels 15 and 20 of an older 
system." This was based on the find- 
ings that blot hemorrhages and/or 
soft exudates may appear before 
microaneurysms.** In addition, per- 
sons with only blot hemorrhages (pre- 
viously labeled as level 15 at the base- 
line examination) more closely resem- 
bled persons with microaneurysms 
only (previously labeled level 20 at the 
baseline examination) than persons 
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with no retinopathy (R.K., unpub- 
lished data, 1987). The evolution of 
levels 31, 41, and 51 resulted from._the 
observation that hard exudate was 
less predictive of progression to pro- 
liferative disease, regardless of the 
amount present, and that venous 
beading and larger areas of intrareti- 
nal hemorrhages were more highly 
predictive of progression to prolifera- 
tive disease (M. D. Davis, oral commu- 
nication, December 1987). 
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The Wisconsin Epidemiologic Study 
of Diabetic Retinopathy 


X. Four-Year Incidence and Progression of Diabetic Retinopathy 
When Age at Diagnosis Is 30 Years or More 


Ronald Klein, MD, MPH; Barbara E. K. Klein, MD, MPH; Scot E. Moss, MA: 
Matthew D. Davis, MD; David L. DeMets, PhD 


@ The four-year incidence and progres- 
sion of retinopathy were investigated in a 
population-based sample of people with 
diabetes diagnosed at 30 years of age or 
older. For insulin users, 73 (47%) of the 
154 who did not have any retinopathy at 
the first visit developed it in the four-year 
interval, and 31 (7%) of the 418 free of 
proliferative retinopathy developed it. 
Worsening of retinopathy occurred in a 
total of 34% (142/418). For nonusers of 
insulin, corresponding rates were 34% 
(110/320) for incidence of any retinopa- 
thy, 2% (11/486) for developing prolifera- 
tive retinopathy, and 25% (121/486) for 
worsening. These population-based data 
clearly indicate the risk of retinopathy 
worsening in a short interval (four years) 
in a large proportion of people with older- 
onset diabetes, a group previously 
thought to be relatively protected from 
retinopathy. Such patients who make up 
the largest proportion of diabetic patients 
in the United States need examination 
when diabetes is first diagnosed and reg- 
ular follow-up. 

(Arch Ophthalmol 1989; 107:244-249) 


[ )iabetic retinopathy in patients 
with older-onset diabetes can be 
expected to have a different frequen- 
cy, time of onset, and course than in 
patients with younger-onset diabetes.! 
Furthermore, among the patients 
with older-onset diabetes, one may 
anticipate differences between insulin 
and noninsulin users. Because the 
number of patients with older-onset 
disease is greater than that of 
patients with onset earlier in life, 
even if rates are lower, the actual need 
for services for this group may be 
greater.*’ Therefore, to plan for their 
needs as well as to attempt to define 
causal factors, accurate incidence 
data are essential. The purpose of this 
article is to describe the four-year 
incidence and frequency of progres- 
sion of retinopathy in a well-charac- 
terized cohort of people with diabetes 
beginning later in life. 


SUBJECTS AND METHODS 
Population 


The methods of 
description of the 


identification and 
population have 
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appeared in detail in previous reports.* In 
brief, 5431 diabetic persons who were older 
than 30 years of age at the time of diagno- 
sis were identified. They were receiving 
primary medical care from July 1, 1979, to 
June 30, 1980, in an 1l-county area in 
southern Wisconsin. A sample of these 
people (1780) stratified by duration of dia- 
betes was selected for the baseline exami- 
nation. Of these, 824 were taking insulin 
and 956 were not. Seventy-seven percent 
(1370) of this targeted population was 
examined. From 1984 to 1986, a follow-up 
examination of the cohort was performed. 


Procedures 


Standard examination procedures and 
history taking were employed throughout 
both studies. They are detailed in previous 
reports™ and elsewhere in this journal.‘ 


Grading Protocols 


Grading of fundus photographs for the 
severity of diabetic retinopathy was per- 
formed independently by two graders 
according to a modification of the Airlie 
House classification scheme. The details of 
the grading protocol are reported else- 
where and in this issue.*"! 


Definitions 


Current age was defined as age at time 
of the baseline examination (1980 to 1982). 
Age at diagnosis was taken as the age at 
the time the diagnosis was first recorded 
by a physician on the patient’s chart or 
hospital record. Duration of diabetes was 
the time between age at diagnosis and the 
age at the time of the baseline examina- 
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Table 1.—Characteristics at Baseline Examination of Participants and Nonparticipants at Follow-up E xar 1 


Using Insulin 


Baseline 
Characteristics 


No. (mean + SD) 


Participants 


ee COO” OO 


Nonparticipants 


Participants 


Not Using Insulin 


Nonparticipants 


Age at diagnosis, y 
Duration, y 
Current age, y 


Glycosylated 
hemoglobin, % 

Systolic blood 
pressure, mm Hg 


Diastolic blood 
pressure, mm Hg 


Body mass, kg/m? 


No. (%) 


Sex 
M 


H 


Proteinuria 
Absent 


Present 


Visual acuity 
>20/40 


20/40-20/63 
20/80-20/ 160 


<20/200 


Retinopathy 
None 


Mild nonproliferative 


Mocerate 
nonproliferative 
PDR 


Photocoagulation 
Panretinal 


485 (48.7 
485 (14.5 
485 (63.1 


443 (11.8 + 
485 (146 + 24) 
485 (79 + 12) 


484 (28.7 + 5.9) 


219 (45.2) 
266 (54.8) 


398 (86.0) 
65 (14.0) 


428 (88.2) 
34 (7.0) 
15 (3.1) 

8 (1.6) 


157 (32.4) 
147 (30.3) 


123 (25.4) 
58 (12.0) 


454 (93.6) 
31 (6.4) 


463 (95.5) 
22 (4.5) 


189 (53.9 
189 (16.5 
189 (70.3 


172 (12.0 


187 (149 + 28) 


187 (76 + 13) 


184 (27.6 + 5.6) 


102 (54.0) 
87 (46.0) 


120 (70.6) 


50 (29.4) | 


122 (64.6) 
35 (18.5) 
22 (11.6) 
10 (5.3) 


44 (23.4) 
59 (31.4) 


50 (26.6) 
35 (18.6) 


171 (91.0) 
17 (9.0) 


173 (92.0) 
15 (8.0) 


| 


<.0001 
<.01 
<.0001 


502 (57.9 + 11.2) 
502 (8.1 + 6.3) 
502 (66.0 + 10.8) 


466 (10.2 + 2.3) 
501 (146 + 22) 
498 (80 + 11) 


502 (29.6 + 5.6) 


226 (45.0) 
276 (55.0) 


441 (90.9) 
44 (9.1) 


457 (91.4) 
31 (6.2) 
8 (1.6) 
4 (0.8) 


322 (64.1) 
129 (25.7) 


40 (8.0) 
11 (2.2) 


499 (99.6) 
2 (0.4) 


495 (98.8) 
6 (1.2) 


194 (62.9 + 10.5) 
194 (10.5 + 7.5) 
194 (73.4 + 10.3) 


184 (10.6 + 2.4) 
193 (153 + 24) 
191 (79 + 12) 


192 (27.6 + 4.9) 


89 (45.9) 
105 (54.1) 


140 (79.6) 
36 (20.4) 


152 (78.4) 


23 (11.9) 
7 (3.6) 
12 (6.2) 


102 (53.7) 
60 (31.6) 


19 (10.0) 
9 (4.7) 


193 (99.5) 
1 (0.5) 


194 (100.0) 
9 (0) 





* PDR indicates proliferative diabetic retinopathy. Statistically, t test was used for continuous variables, x? for categorical variables. 


were classified as to their insulin-using 
status according to their report at the time 
of the baseline examination. 

Incidence of any retinopathy at the fol- 
low-up examination was determined by 
finding the number of people who had no 
retinopathy (level 10/10) at the baseline 
examination but had level 21/<21 or worse 
at the follow-up examination. The inci- 
dence of proliferative retinopathy was 
determined by finding the number of peo- 
ple who had been at level 51/51 or less at 
the baseline examination but had level 
60+/<60+ or worse at the follow-up exam- 
ination. Progression of retinopathy of two 
or more steps was defined as an increase in 
severity as follows: 10/10 to 21/21 or worse, 
21/<21 to 31/<31 or worse, 21/21 to 31/31 
or worse, 31/<31 to 41/<41 or worse, 31/31 
to 41/41 or worse, 41/<41 to 51/<51 or 
worse, 41/41 to 51/51 or worse, 51/<51 to 
60+/<60+ or worse, and 51/51 to 60+/60+ 
or worse. Improvement in the severity of 
retinopathy was the opposite of progres- 
sion. Change in severity of retinopathy was 
examined independently in people who had 
proliferative retinopathy at the baseline 
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examination because many of these people 
had received panretinal photocoagulation 
treatment. 


Data Handling and Analysis 


Wisconsin Storage and Retrieval, an 
information-processing software system, 
was used for processing all subject files.'? 
Statistical Analysis System was used for 
calculating Student’s ¢ test and the x? 
statistic.’ Tests for linear trends in the 
rates were done according to the method 
described by Armitage." 


RESULTS 


The mean (+SD) length of follow- 
up was 4.1 + 0.3 years for both those 
who were taking insulin and those 
who were not. Of the 674 persons who 
had participated in, and were using 
insulin at the time of, the baseline 
examination, 485 (72.0% ) participated 
in the follow-up examination. One 
hundred sixty-seven (24.8% ) had died. 
Two (0.38%) had moved. Two (0.3% ) 


could not be located. Seven (1.0%) 
permitted an interview only, and 11 
(1.6% ) refused to participate. Of the 
696 persons who had participated and 


were not using insulin at the time of 
the baseline examination, 502 (72.1% ) 
participated in the follow-up exami- 
nation. One hundred seventy-three 
(24.9%) had died. One (0.1%) could 
not be located. Nine (1.3% ) permitted 
an interview only, and 11 (1.6%) 
refused to participate. Of the 1030 
surviving insulin users and nonusers 
who had participated in the baseline 
examination, 95.8% were reexamined 
four years later. 


Characteristics at the baseline 
examination of those who participat- 
ed in the second examination and 
those who did not participate are giv- 
en in Table 1. For people who were 
using insulin, those who did not par- 
ticipate tended to be older at the time 
of diagnosis, had longer mean dura- 
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tion of diabetes, were older, had lower 
mean diastolic blood pressures, and 
were thinner than those who were 
seen at the second visit. Nonpartici- 
pants were also more likely to be 
male, have proteinuria, have poorer 
visual acuity, have slightly but not 
significantly more severe diabetic ret- 
inopathy, and have greater but not 
significant frequencies of both panre- 
tinal and focal photocoagulation scars 
compared with those who were reex- 
amined. 

The pattern of differences between 
participants and nonparticipants was 
similar in those not using insulin and 
those using insulin. Specifically, in 
those not using insulin, nonpartici- 
pants were older at the time of diag- 
nosis, had longer duration of diabetes, 
were older, had significantly higher 
systolic blood pressure, and were thin- 
ner than participants. Nonpartici- 
pants were also more likely to have 
had proteinuria, poorer vision, and 
more severe diabetic retinopathy at 
the baseline examination than partic- 
ipants. 

There were 154 persons taking insu- 
lin with no retinopathy (level 10/10) 
at the baseline examination who par- 
ticipated in the four-year follow-up 
examination who were at risk of 
developing retinopathy (levels 21/<21 
to 60+/60+). Of these, 73 persons 
(47.4%) were found to have retinopa- 
thy at the four-year follow-up exami- 
nation (Table 2). Of persons who 
developed retinopathy, 21.9% (16/73) 
developed only microaneurysms in 
one eye, 8.2% (6/73) developed only 
blot hemorrhages in one eye, 1.4% 
(1/73) developed soft exudates in one 
eye, 1.4% (1/73) developed soft exu- 
dates in one eye and blot hemorrhages 
in the other, 4.1% (3/73) developed 
blot hemorrhages in both eyes, 16.4% 
(12/73) developed microaneurysms in 
both eyes, and 46.6% (34/73) devel- 
oped microaneurysms and other dia- 
betic retinal lesions. There were 215 
persons taking insulin with retinopa- 
thy (levels 21/21 to 60+/60+) at the 
baseline examination who participat- 
ed in the four-year follow-up exami- 
nation who were at risk of improving 
by two steps or more. Of these, 33 
persons (15.3% ) were found to have an 
improvement in their retinopathy 
severity at the four-year examination 
(Table 2). There were 418 persons tak- 
ing insulin at the baseline examina- 
tion in whom retinopathy was less 
severe than the proliferative phase 
(levels 10/10 to 51/51). The status of 
their retinopathy could have re- 
mained unchanged (staying within 
one step of their original level), 


improved, or progressed by two or 
more levels. Of these, 243 (58.1% ) did 
not change, 142 (34.0% ) progressed, of 
whom 31 (7.4%) progressed to prolif- 
erative retinopathy, and 33 (7.9%) 
improved. 

Rates of incidence, progression, and 
progression to proliferative retinopa- 
thy were found to be lower in persons 
not using insulin at the baseline 
examination. The four-year incidence 
of any retinopathy (from level 10/10 
to 21/<21 or worse) in this group was 
34.4% (110/320; 95% confidence inter- 
val [CI], 29.2, 39.6). Of persons not 
using insulin who developed retinopa- 
thy, 25.5% (28/110) developed only 
microaneurysms in one eye, 15.5% 
(17/110) developed blot hemorrhages 
in one eye, 1.8% (2/110) developed soft 
exudates in one eye, 1.8% (2/110) 
developed blot hemorrhages in both 
eyes, 2.7% (3/110) developed micro- 
aneurysms in one eye and blot hemor- 
rhages in the other, 7.3% (8/110) 
developed only microaneurysms in 
both eyes, and 45.5% (50/110) devel- 
oped microaneurysms and other dia- 
betic retinal lesions. Two participants 
(0.4%) without retinopathy at the 
baseline examination developed pro- 
liferative retinopathy during the four- 
year follow-up period. Progression 
was found in 24.9% (121/486; 95% CI, 
21.1, 28.7) and improvement in 19.8% 
(20/101; 95% CI, 12.0, 27.6) of partici- 
pants without proliferative retinopa- 
thy at the baseline examination. The 
four-year rate of progression to pro- 
liferative retinopathy was found to be 
2.3% (11/486; 95% CI, 1.0, 3.6) in 
people who were at risk to progress. 

The relationship between sex and 
incidence of any retinopathy, im- 
provement, progression, or progres- 
sion to proliferative retinopathy is 
examined in Table 2. Although women 
had a higher rate of improvement 
than men, the difference was not sta- 
tistically significant at the 5% level. 

Table 3 describes the change in ret- 
inopathy by age at the baseline exam- 
ination. For insulin users, the inci- 
dence of any retinopathy and of 
progression of retinopathy had a ten- 
dency to decrease with increasing age. 
The frequency of improvement tended 
to increase with increasing age. For 
those not using insulin, the rate of 
progression to proliferative retinopa- 
thy decreased with increasing age. 

Table 3 describes the change in ret- 
inopathy by duration of diabetes. 
Among insulin users, there was an 
increase in rate of any retinopathy in 
those who had had five to nine years 
of diabetes at the baseline examina- 
tion. Thereafter, incidence declined. 
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No linear trend across the range of 
durations was found. There was a 
significant (P < .001) positive rela- 
tionship between the incidence of pro- 
liferative retinopathy and duration. 
For those not using insulin, there was 
a modest increase in rate of any reti- 
nopathy with longer duration, but the 
trend was not statistically significant 
(Table 3). The rate of progression was 
positively related to duration. 

Table 4 describes the change in ret- 
inopathy between the baseline and 
follow-up examinations by baseline 
retinopathy level. Insulin users with 
less severe retinopathy at the baseline 
examination (levels 10/10 to 21/21) 
tended to have higher rates of pro- 
gression of the retinopathy than did 
those not using insulin. There was 
more frequent improvement in the 
severity of retinopathy regardless of 
the initial level of retinopathy in 
those not using insulin, except for 
those with levels 41/<41 and 51/<51. 
However, in this group the numbers 
are too small for meaningful compari- 
sons. 


COMMENT 


The frequency of development of 
any diabetic retinopathy in those ini- 
tially free of disease was 47% in insu- 
lin users and 34% in nonusers. The 
rates for incidence of proliferative 
retinopathy were 7% for insulin users 
and 2% for nonusers; again, insulin 
users were a relatively high-risk 
group. The incidence for those taking 
insulin fell between the incidence in 
insulin users with earlier disease 
onset and nonusers with later onset.‘ 
This intermediate risk level was sug- 
gested in the prevalence data, and a 
similar tendency for an “intermedi- 
ate” risk in this group has been found 
elsewhere.!!! The  insulin-using 
group with later onset is probably 


heterogeneous, being composed of 1 


those who are truly insulin dependent, 
and therefore more like the group 
with early onset, except for their age, 
and those who are more typically 
insulin resistant. 

The most potent risk variable for 
prevalence, and, in some studies, for 
incidence of diabetic retinopathy, is 
the duration of disease**'!*”°; this char- 
acteristic continues to be an impor- 
tant predictor during the observation 
period but does not always exert a 
consistent linear effect on the rate of 
development of retinopathy or on the 
rate of progression. Table 3 describes 
the observed relationship between the 
incidence of any or proliferative reti- 
nopathy by duration of diabetes in 
insulin users and nonusers. A poten- 
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Table 2.—Incidence of Any Retinopathy, Improvement or Progression of Retinopathy, or Progression to PDR by Sex* 


Using Insulin Not Using Insulin 
IAMAI nnn NO 
Male Female Total Male Female Total 


No. at risk 62 92 154 151 169 320 


Incidence of any 
retinopathy, % 46.8 47.8 47.4 32.5 36.1 34.4 


95% Cl 34.4, 59.2 37.6, 58.0 39.5, 55.3 25.0, 40.0 28.9, 43.3 29.2, 39.6 


95% Cl 4.5, 16.1 12.8, 28.0 10.5, 20.1 0.9, 21.9 13.9, 34.5 12.0, 27.6 


95% Cl 55.4, 69.0 48.2, 61.2 53.4, 62.8 66.8, 78.6 64.1, 75.1 67.0, 75.0 
Progression, % 32.1 35.6 34.0 25.5 24.4 24.9 
25.5, 38.7 29.3, 41.9 29.5, 38.5 19.7, 31.3 19.3, 29.5 21.1, 28.7 
Progression to PDR, % 7.3 7.6 7.4 2.8 1.9 2.3 

95% Cl 






































* PDR indicates proliferative diabetic retinopathy; and Cl, confidence interval. Number at risk for incidence of any retinopathy refers to the group that had no retinopathy 
(level 10/ 10) at the baseline examination and were at risk of developing retinopathy at the follow-up examination. Number at risk for improvement in retinopathy refers to 
those with retinopathy levels 21/21 to 51/51 at the baseline examination who could have a decrease in their retinopathy severity by at least two steps or more at 
follow-up. Number at risk for no change, progression, or progression to PDR refers to those with retinopathy levels 10/10 to 51/51 who either did not change by two or 
more steps or progressed by two or more steps. See “Subjects and Methods" section for further detail. 


Table 3.—Incidence of Any Retinopathy, Improvement or Progression 
of Retinopathy, or Progression to PDR by Age and by Duration of Diabetes at Baseline Examination” 


Incidence 
of Any No Progression 
No. at Retinopathy, No. at Improvement, No. at Change, Progression, to PDR, 
Risk % Risk % Risk % 


By Age 
Using insulin 6 16.7 


70 5.7 

119 17.6 
20 35.0 

<.01 


Age or Duration 
of Diabetes at 
Baseline Examination, y 


Not using 
insulin 25.0 
4.8 
20.8 
28.6 

47 .08 


By Duration of Diabetes 
273 19 15.8 


70.8 19 10.5 

54.2 38 21.1 

38.2 139 14.4 
.22 ai 73 


Using insulin 


Not using 
insulin 





* PDR indicates proliferative diabetic retinopathy. P values are by test for trend. See Table 2 and “Subjects and Methods” section for definition of at-risk groups. 


tial explanation for lack of a consis- 
tent dose-response effect in both 
groups may be that the force of mor- 
tality competes with the “force of 
complications.” In both groups, non- 
participants in the follow-up exami- 
nation were older at diagnosis, had 
longer duration, were older, were 
more likely to have proteinuria, had 
poorer visual acuity, and had more 
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severe retinopathy than participants 
at the baseline examination (Table 1). 
Therefore, one would be concerned 
that the systematic differences be- 
tween participants and nonpartici- 
pants were influencing the incidences. 
The influence of nonparticipation 
might be worrisome if one were 
attempting to document incidences in 
a traditional sense, as the rate of 


events in the entire cohort defined by 
the prevalence survey. This is a moot 
point when the most frequent cause of 
nonparticipation is death. For exam- 
ple, in insulin users there were 580 
people free of proliferative diabetic 
retinopathy at the prevalence exami- 
nation. Thirty-one of these people had 
developed proliferative disease at the 
follow-up. However, 418 was the total 
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Table 4.—Change in the Severity of Diabetic Retinopathy Between the Baseline and Follow-up Examinations * 


Using Insulin 


LLB 


Severity of No. at Improvement, 
Retinopathy Risk % 


21/<21 





No Change, 


21/21 23 8.7 34.8 


Progression 


Progression, to PDR, 





No. at Improvement, No Change, Progression, 
% Risk % 9 


25.0 


Not Using Insulin 


PRP, 


Progression 
to PDR, 
Yo 





56.5 0 24 5.8 29.2 0 
31/<31 37 13.5 51.4 35.1 8.1 27 18.5 48.1 33.3 0 
31/31 49 8.2 73.5 18.4 2.0 19 10.5 47.4 42.1 10.5 
41/<41 43 14.0 60.5 25.6 16.3 16 6.2 75.4 18.8 6.2 


41/41 36 19.4 61.1 


19.4 19.4 4 25.0 
7 


25.0 25.0 


50.0 
51/<51 19 36.8 21,1 42.1 42.1 14.3 28.6 57.1 57.1 
8 4 0 


51/51 


25.0 12.5 


62.5 62.5 


100.0 


0 0 


* See Table 2 and “Subjects and Methods”’ section for definition of at-risk groups. For specific definitions, see companion article in this issue. PDR indicates 


proliferative diabetic retinopathy. 


Table 5.—Projected New Cases of Proliferative Retinopathy (Weighted) in Wisconsin 
Health Service Area 1* 


Proliferative 
Retinopathy 
Severityt 


60-65 1 


Younger 
Age Older Age 
at Onset, at Onset, 
No. (%) No. (%) 
54 (51.4) 51 (48.6) 


0 ; 
80 1. 7.7) 12 (92.3) 


05 
13 
03 


Total 2 


83 (40.9) 120 (59.1) 





* Population, 839 324. Estimated based on fractions at the baseline examination when participants were 
sampled (1979 to 1980) according to the duration of diabetes. 
tFor specific definitions, see companion article in this issue.® 


number reexamined who had gradable 
retinopathy. Thus, the incidence 
would be about 5.3% if the denomina- 
tor were considered to be 580 but 
would be 7.4% if the denominator 
were taken to be 418. If one includes 
death or proliferative retinopathy as 
the “event” of interest, then using 580 
as the base, the rate of a “severe 
event” would be 28.1% (163/580). 
Depending on the use of the data, 
either method of determining the 
impact of diabetes would be appropri- 
ate. For health care delivery needs, it 
is perhaps only the 418 who are 
important. For this reason, we have 
used the number of participants at the 
follow-up examination for our calcu- 
lations. 

In those not using insulin, even in 
the shortest duration group, there 
were incident cases of proliferative 
retinopathy. This is consistent with 
findings from the United Kingdom 
Prospective Diabetes Study (UKPDS) 
of Maturity Onset Diabetes”! and from 
our prevalence study.’ The UKPDS 
group reported retinopathy in 23.8% 
of patients within six months of diag- 
nosis of diabetes.” Of those eyes with 
retinopathy, 3.4% had severe prepro- 
liferative retinopathy. In the Wiscon- 


sin Epidemiologic Study of Diabetic 
Retinopathy, proliferative retinopa- 
thy was found in 4% of persons with 
older onset age taking insulin and 3% 
of those not taking insulin who had a 
history of diabetes of four years or 
less.. These findings emphasize the 
importance of current guidelines for 
the need for ophthalmologic examina- 
tion at the time of diagnosis of diabe- 
tes for persons with onset at an older 
age. 

Incidences of proliferative retinopa- 
thy are higher in patients with onset 
earlier in life than in those with onset 
later. However, the estimates of the 
number of incident cases in the four- 
year period are higher in the group 
with older onset age than in the group 
with younger onset age (120 vs 83; 
Table 5). A significant proportion of 
persons with proliferative diabetic 
retinopathy referred to a retinal ser- 
vice at the Joslin Clinic, Boston, were 
also older at the time of their diagno- 
sis of diabetes.” Extrapolating from 
our data, the majority of eyes that 
develop proliferative retinopathy with 
Diabetic Retinopathy Study (DRS) 
high-risk characteristics for severe 
visual loss or worse would occur in the 
group with older onset age (Table 5). 
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At the time of the baseline examina- 
tion, 69% of eyes with DRS high-risk 
characteristics in people with older 
onset age had not received panretinal 
photocoagulation treatment.** A ma- 
jority of the untreated eyes (53.3%) 
with DRS high-risk characteristics 
that were found at the baseline exam- 
ination had not been treated at the 
time of the follow-up examination.”*5 
Moreover, when such eyes are treated, 
they seem to have a more favorable 
response to panretinal photocoagula- 
tion than eyes of people with younger 
onset age.” These data, taken togeth- 
er, suggest that with timely referral 
and appropriate ophthalmologic care, 
a substantial number of eyes could be 
protected from vision loss due to dia- 
betic retinopathy. 
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Laboratory Sciences 


Does Pigmentation Affect the 


Trabecular Meshwork? 


Douglas H. Johnson, MD 


@ Pigment has been associated with 
glaucoma in pigment dispersion syn- 
drome and in intraocular lens—associated 
pigment dispersion. Human eyes with seg- 
mental pigmentation of the trabecular 
meshwork may provide a controlled mod- 
el to study the effects of pigment on the 
meshwork. Nine normal human eye bank 
eyes with segmental pigmentation of the 
trabecular meshwork were examined for 
pigment-associated differences in trabec- 
ular cellularity or morphology. Cellularity 
was examined with four methods: cells 
per histologic section, cells per length of 
tissue, cells per overall area, and cells per 
solid tissue. The simplest method, cells 
per histologic section, gave results equiv- 
alent to the other methods. No differ- 
ences in cellularity or morphology were 
found between pigmented and nonpig- 
mented areas. 

(Arch Ophthalmol 1989; 107:250-254) 


rabecular cells are intimately 

related to the outflow of aqueous 
humor. The cells have a variety of 
functions, including synthesis and 
degradation of extracellular material 
and the phagocytosis of extracellular 
debris. Trabecular cellularity de- 
creases with age and is further 
decreased in patients with primary 
open angle glaucoma.'’ Loss of cells, 
or a decrease in their functional 
capacity, may be key to the develop- 
ment of glaucoma.'* Knowledge of 
factors that affect trabecular cell 
function and survival may be helpful 
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in understanding the basic cause of 
glaucoma. 

Pigment has been implicated as a 
factor that may affect trabecular 
cells. The heavy pigmentation of the 
trabecular meshwork found in pig- 
ment dispersion syndrome has been 
assumed to play a major role in pro- 
ducing pigmentary glaucoma.*”® Pig- 
ment has also been implicated as a 
cause of glaucoma in patients with 
pigment dispersion syndrome pro- 
duced by intraocular lenses.'''? Exfoli- 
ation syndrome may have areas of 
dense meshwork pigmentation, and 
some studies propose this as a con- 
tributing factor in the glaucoma asso- 
ciated with this syndrome.'*'* If pig- 
ment is toxic to trabecular cells, de- 
creased trabecular cellularity would 
be expected in heavily pigmented 
areas. This cell loss could be associ- 
ated with a decreased facility of out- 
flow. 

The human eye provides a con- 
trolled model to study the effect of 
pigment on the trabecular meshwork. 
The trabecular meshwork often has 
areas of segmental pigmentation, 
with lightly and heavily pigmented 
sections adjacent to each other. Tan- 
chel et al” and Campbell et al'* found 
heavily pigmented areas to correlate 
with collector channel location, and 
Campbell et al proposed that the vari- 
ation and segmentation of pigmenta- 
tion commonly found in primary open 
angle glaucoma may be indicative of 
segmental abnormalities. We investi- 
gated this question of possible seg- 
mental differences in trabecular 
meshwork and report no differences 
in cellularity or morphology between 
pigmented and nonpigmented areas in 
normal human eyes. 
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MATERIALS AND METHODS 


Human eyes were obtained from the eye 
bank within 24 hours of death. Eyes with 
glaucoma or inflammation or eyes that had 
experienced intraocular surgery or trauma 
were excluded. Eyes were fixed via perfu- 
sion at 17 mm Hg with fixative (1% glutar- 
aldehyde and 4% formaldehyde in buff- 
er), bisected, and the trabecular mesh- 
work was examined. Nine eyes with defi- 
nite areas of segmental pigmentation of 
the trabecular meshwork were selected for 
study (average age, 62 + 24 years; range, 
21 to 98 years [Table]). Sections of mesh- 
work were taken from adjacent pigmented 
and nonpigmented areas and processed for 
light and electron microscopy (Fig 1). 
These sections were taken from the center 
of each area (usually the area of darkest 
pigmentation or from the center of the 
nonpigmented segment). This was done to 
ensure that the maximal “effect” of pig- 
mentation was studied, thus avoiding sec- 
tions from less pigmented border zones 
where pigmented and nonpigmented areas 
join. As a result, only one piece of tissue 
was taken from each area. To determine if 
thickness of histologic section would affect 
results, five eyes were examined using 
1-um sections for light microscopy, and the 
remaining four eyes were examined using 
3-um sections. 


CELLULARITY 


Four methods of determining cellularity 
were used. 


Total Cells per Section 


Light microscopic photographs of the 
trabecular meshwork from Schwalbe’s line 
to the end of Schlemm’s canal were taken 
from microscopic sections on a microscope 
(Olympus) at X400 using black-and-white 
35-mm film (Panatomic X); 20 X 25-em 
prints were made and assembled into a 
montage (final magnification, X1300).!? 
Trabecular cell nuclei were then counted 
while the microscopic slide and photo- 
graphic montage were simultaneously 
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viewed. Cells were not counted if a nucleus 
was not present. Nontrabecular cells were 
ignored (ie, lymphocytes, other cells not 
clearly in position on a trabecular beam). 


Cells per Length 


Trabecular meshwork length was mea- 
sured on the photographic montage and 
then converted to actual tissue length. 


Cells per Overall Area 


The perimeter of the trabecular mesh- 
work was traced using a digitizer (GP-7 
Graffar, Science Access Corp, Southport, 
Conn) interfaced with a personal computer 
(IBM) using a Bio-Optics software pro- 
gram (Bio-Optics Corp, Arlington, Mass). 
All measurements were converted to 
square millimeters of actual tissue, includ- 
ing both aqueous channels and solid tissue. 
Meshwork was defined as extending from 
Schwalbe’s line to the end of Schlemm’s 
canal, and from the inner layer of 
Schlemm’s canal through the corneosclera! 
and uveal sheets to the anterior chamber. 
Scleral spur and ciliary body were not 
included. 


Cells per Solid Tissue Area 


Meshwork solid tissue area was deter- 
mined with two different computerized 
systems. A Zeiss IBAS 2000 image analysis 
system was used to analyze tissue directly 
from the microscopic slide, using a densi- 
tometer to determine the area of solid 
tissue (Fig 2). For comparison purposes we 
also traced solid tissue on the photographic 
montage’? of five sections, using the GP-7 
Graffar digitizer. All measurements were 
converted to square millimeters of actual 
trabecular meshwork solid tissue, omitting 
aqueous channels. Areas measured by the 
automated IBAS system averaged 15% 
higher than areas measured on the manual 
digitizer in these five sections. The repro- 
ducibility of the IBAS system was deter- 
mined by reanalyzing five sections in a 
masked fashion, without the operator 
knowing previous results. This gave solid 
tissue areas within 7% of the initial IBAS 
determinations. 

The trabecular meshwork was also 
divided into several subsections, and cellu- 
larity was examined in each subsection. 
The filtration region was considered the 
meshwork underlying Schlemm’s canal. 
This was further subdivided into juxtaca- 
nalicular tissue, corneoscleral meshwork, 
and uveal meshwork (Fig 2). The remain- 
der of the meshwork, anterior to the filtra- 
tion zone, was also analyzed. These divi- 
sions were similar to those of Alvarado et 
al, except that we considered the filtration 
area to underlie the actual length of 
Schlemm’s canal, and we did not use a 
standard average length in determining 
Schlemm’s canal-filtration zone bound- 
aries. 


Sample Size Calculation 


Cellularity may vary on a microscopic 
level throughout the trabecular meshwork. 
Knowledge of this inherent variability in a 
specific area of trabecular meshwork is 
required for accurate comparison of differ- 
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Cellularity per Eye 


Area (No.) 


Cells per 
Solid Tissue 


Cells per 
Total 


Cells per 
Length, 
mm 


Area, mm? Area, mm? 


1-um-Thick Sections 


109 + 
115 + 
124 + 
127 + 
ite = 
123 + 
139 + 
132 + 
120 + 
117 = 


1297 75/M _ Pigmented (5) 
Nonpigmented (5) 
Pigmented (1) 
Nonpigmented (2) 
Pigmented (1) 
Nonpigmented (1) 
Pigmented (1) 
Nonpigmented (2) 
Pigmented (2) 


Nonpigmented (2) 


1316R 21/F 


1316L 21/F 
1482 72/F 


1483 70/M 


14 
19 
7 

10 
14 
6 

15 
10 
24 
16 


2530 + 531 
2678 + 347 
3366 + 105 
3818 + 677 
3431 + 358 
4186 + 413 
2662 + 156 
3299 + 420 


1831 + 366 
2126 + 486 
227 + 10 3161 + 88 

200 + 59 3077 + 611 
170 + 21 2942 + 392 
166 + 19 3180 + 290 
254 + 42 2563 + 200 
208 + 40 2738 + 496 
187 + 27 2165 

185 + 28 1887 


168 + 29 
180 + 39 


3-um-Thick Sections 


Pigmented (2) 
Nonpigmented (2) 
Pigmented (1) 
Nonpigmented (2) 
Pigmented (2) 
Nonpigmented (2) 
Pigmented (2) 
Nonpigmented (2) 


63/M 


235 


x 
T 
ne 
= 
= 
+ 
= 
=" 


All Eyes Combined 


Pigmented 142 + 


Nonpigmented 


*P = 05. 
tP < 01. 





27 





146 + 30 


213 + 
212 








Fig 1.—Segmental meshwork pigmentation, inferonasal aspect, eye 1297. Sections 1, 3, and 5 
are pigmented (solid arrows); sections 2, 4, and 6 are nonpigmented (open arrows). 


ent areas. To determine this variability of 
cellularity one eye had multiple histologic 
sections made from both a pigmented and 
a nonpigmented area (eye 1297, section R1 
pigmented, n=14 sections counted; eye 
1297, section R2 nonpigmented, n = 14 sec- 
tions counted). The coefficient of variation 
of the cell counts was similar and appears 
to be about 10% (R1 pigmented: 103 cells + 
10; section R2 nonpigmented: 107 cells + 
13). The coefficient of variation of solid 


tissue for the same histologic sections was 
found to be about 11%. Combining the two 
to express cellularity as cells per solid 
tissue (“cell density”) produces a coeffi- 
cient of variation of 13% between sections. 
Sample size calculations for cells per solid 
tissue reveal that three histologic sections 
per area are needed to give a “representa- 
tive” sample. Thus, at least three sections 
were examined per pigmented or nonpig- 
mented area, with 124 sections analyzed 
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Fig 2.—Left, Trabecular meshwork image recorded from computer screen (IBAS 2000). Actual image is sharper and more 
detailed than reproduced in this photograph. Trabecular meshwork subsections: sc, Schlemm’s canal; jct, juxtacanalicular 
tissue; cs, corneoscleral meshwork; uv, uveal meshwork. (Anterior trabecular meshwork not shown in photograph.) Alvarado 
et al? termed these regions juxtacanalicular, intermediate, and inner zones (toluidine blue, X 400, 1-um-thick sections). Right, 
Solid tissue (white areas) as determined by densitometer (toluidine blue, X400, 1-um-thick section). 


overall (a = 0.05, 8 = 0.1; looking for a dif- 
ference of >36% cellularity [cell density]) 
between different areas of the trabecular 
meshwork in the same eye. If more strin- 
gent standards are set and a cellularity 
difference of 20% between areas is sought, 
the sample size estimate requires ten his- 
tologic sections per area.” 


Morphologic Comparison 

The microscopic anatomy of each area 
was studied with both light and transmis- 
sion electron microscopy. Sections were 
coded and evaluated as unknowns, 
although the amount of pigmentation 
often told the examiner the area from 
which the section was taken. Cell position 
and location on trabecular beams, nuclear 
chromatin pattern, integrity of nuclear 
and cytoplasmic membranes, cytoplasmic 
organelles, appearance of trabecular beam 
collagen, and amount of amorphous mate- 
rial in the juxtacanalicular area were all 
noted in determining the similarity or 
differences between sections. 


RESULTS 
Cellularity 


Differences Between Pigmented and 
Nonpigmented Areas for All Eyes Com- 
bined.—The mean number of cells per 
pigmented area and per nonpig- 
mented area was calculated for each 
eye studied (Table). A paired ¢ test 
was used to test for a difference in 
mean number of cells in pigmented 
and nonpigmented areas for all nine 
eyes combined, as well as for all 1- 
um-thick eyes combined and all 3- 
um-thick eyes combined. There was no 
significant difference in cellularity 
for pigmented vs nonpigmented areas. 
This finding was true whether cellu- 
larity was expressed as total cells, 
total cells per millimeter of tissue, 


total cells per overall area, or total 
cells per solid tissue area. 

Differences Between Adjacent Areas in 
Same Eye.—The Table lists cell counts 
per area for each eye. Most eyes had at 
least two pigmented areas and two 
nonpigmented areas of meshwork; eye 
1297 was exceptional in having five 
pigmented and five nonpigmented 
areas. Data from all pigmented areas 
were combined for each eye to give 
one average value for that eye, as were 
data from all nonpigmented areas for 
each eye. One-way analysis of vari- 
ance was performed for each of the 
methods of cellularity measurement. 

Total Cells per Section.—One eye 
(368) had significantly more cells in 
the nonpigmented sections than in the 
pigmented. The remaining eight eyes 
showed no difference. 

Cells per Length.—Eye 368 again 
had more cells in the nonpigmented 
sections. Another eye (366) had more 
cells from pigmented sections than 
nonpigmented sections, the opposite 
of eye 368. 

Cells per Overall Area.—One eye 
(366) had more cells from pigmented 
areas. 

Cells per Solid Tissue Area.—Two 
eyes (350 and 420) had more cells from 
nonpigmented areas, while one eye 
(366) had more cells from pigmented 
sections. 

Overall it appeared there was no 
trend for pigmentation to decrease or 
increase trabecular cellularity, as dif- 
ferences were divided about equally 
between pigmented and _ nonpig- 
mented sections. No significant over- 
all differences were noted between 


252 Arch Ophthalmol—Vol 107, February 1989 


any of the four methods of compari- 
son when looking at all eyes com- 
bined. 

I-um-Thick vs 3-um-Thick Sec- 
tions.—Sections that were 3 um thick 
contained proportionately more cells 
than sections that were 1 um thick, as 
expected. Because trabecular cell 
nuclei are randomly spaced, as 
opposed to being regularly aligned, 
thicker histologic sections would 
include more nuclei. Although the 
three eyes that showed cellularity dif- 
ferences were in the 3-um-thick group, 
their distribution between nonpig- 
mented (two eyes) and pigmented 
areas (one eye) indicates no clear ten- 
dency for pigment to affect cellulari- 
ty. In addition, analysis of all eyes 
combined in the 1-um-thick group and 
the 3-um-thick group did not reveal 
cellularity differences between the 
pigmented and nonpigmented areas. 

Cellularity of Meshwork Subsec- 
tions.—There were no differences 
between any pigmented and nonpig- 
mented subareas when all eyes were 
combined. The three eyes with overall 
differences in cells per solid area (eyes 
350, 366, and 420) had these differ- 
ences found in the juxtacanalicular 
subzone of the filtration zone. 


Morphology 


Pigment granules were found with 
in the cytoplasm of trabecular cells in 
uveal, corneoscleral, and juxtacanalic- 
ular areas. Pigment was usually 
heaviest in the filtration area under- 
lying Schlemm’s canal, although some 
was present in the anterior meshwork 
cells. “Nonpigmented” area cells were 
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Fig 3.—Left, Section from pigmented area of trabecular meshwork (eye 1316L, area 2). Melanin granules appear well 
tolerated by trabecular cells. Trabecular lamellae and juxtacanalicular area appear normal. Inset shows cell from 
corneoscleral meshwork laden with pigment. SC indicates Schlemm'’s canal, juxtacanalicular area (original magnification 
X4500). Right, Section from nonpigmented area adjacent to pigmented area in Fig 2, left. Note some intracytoplasmic 
melanin. Trabecular cells and juxtacanalicular area appear normal. SC indicates Schlemm’s canal; original magnification 


X 4500). 


also found to contain intracytoplas- 
mic pigment, but to a lesser degree. 
Cells appeared to tolerate the pigment 
well, with cellular organelles, cyto- 
plasmic and nuclear membranes, and 
nuclear chromatin remaining normal. 
Trabecular lamellae and juxtacanalic- 
ular tissue also appeared normal (Fig 
3). Aside from the presence of the 
pigment, no histologic differences 
were observed between pigmented and 
nonpigmented areas by either light or 
transmission electron microscopy. 


COMMENT 


Loss of trabecular cells has been 
implicated as a cause of glaucoma in 
both primary open angle glaucoma 
and pigmentary glaucoma.’® In pig- 
mentary glaucoma, phagocytosis of 
pigment granules by trabecular cells 
has been thought to cause cell dam- 
age, followed by denudation of the 
trabecular sheets and occlusion of 
intertrabecular spaces.°” Although 
attempts to reproduce this process in 
monkeys have been unsuccessful,*’ 
animals rarely develop glaucoma and 
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the failure of these animal models 
may not apply directly to the human 
eye. 

The normal human eye with seg- 
mental pigmentation of the meshwork 
provides a model to study the effect of 
pigment. Pigmented segments corre- 
spond to collector channel locations” 
and may indicate areas of highest 
aqueous flow. If pigment is toxic to 
trabecular cells, cell loss in the pig- 
mented meshwork segments would be 
expected. This change could lead to a 
decreased facility of outflow in the 
regions either from lack of cellular 
function’ or altered trabecular archi- 
tecture. Alternately, the lightly pig- 
mented meshwork segments, which 
indicate a relative lack of aqueous 
flow, may be produced because a loss 
of trabecular cells in this area caused 
a reduced facility of outflow. 

No difference was found between 
pigmented and nonpigmented areas of 
the trabecular meshwork, analyzing 
both cellularity and morphology. Nor- 
mal human eyes were selectively stud- 
ied; we were looking for evidence that 


pigment could cause trabecular cell 
degeneration as a first step in the 
development of glaucoma. Studying 
adjacent pigmented and _  nonpig- 
mented areas from within the same 
eye provided an experimental control, 
as the only variable was the amount of 
pigmentation. No difference was 
noticed with age, although only one 
pair of eyes was under 60 years old. 
Comparison of various methods of 
determining cellularity revealed no 
major differences in the overall out- 
come. The simpler cells per section of 
meshwork may suffice for a study 
involving a large number of eyes. 
Alvarado and associates’ studied cells 
per length, cells per total area, and 
cells per solid tissue, and they found 
cellularities to be similar between the 
methods, stating “the less arduous 
measurements of cellularity appear 
useful.” In a second study they also 
reported that the simpler total cells 
per section method gave results simi- 
lar to the cells per solid tissue method 
(2.5-fold decrease in cellularity with 
age vs 2.1-fold decrease), although 
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they believed cells per solid tissue to 
be the most accurate.* Grierson and 
coworkers?! examined trabecular 
meshwork cellularity by directly 
counting cells under the microscope, 
without photographs or determina- 
tions of area. Using this simpler 
method, they also found a decline in 
trabecular cell number with age. 

Alvarado and associates? found the 
greatest difference in cellularity 
between normal and glaucomatous 
eyes to lie in the filtration zone, with 
the inner (uveal) area most affected. 
We also examined the filtration sub- 
zones to determine whether the earli- 
est sign of a pigment-caused cell loss 
could be found in one subzone. The 
juxtacanalicular subzone revealed cel- 
lularity differences in the three eyes 
that showed cellularity differences. In 
the other eyes, subzone analysis did 
not reveal consistent cellular differ- 
ences between pigmented and nonpig- 
mented areas. 

Why only some eyes develop seg- 
mental pigmentation is unknown, 
although several factors may be 
involved. The amount of pigment 
released into the anterior chamber 
must play a significant role, as the 
solid band of meshwork pigmentation 
in patients with pigmentary glaucoma 
attests. In eyes with less pigment to 
deal with, regional flow differences 
may exist, depositing pigment in 
areas of highest flow, while other eyes 
may have a more diffuse aqueous flow 
through the meshwork, producing a 
more uniform pigmentation. Trabecu- 
lar cells may vary in their phagocytic 
capacity between eyes and may also 
vary in processing of ingested pig- 
ment. 

Although the present study did not 
find pigment-associated differences in 
the trabecular meshwork of normal 
eyes, the pigment burden in pigmen- 


tary glaucoma is undoubtedly larger. 
Most of the segmental pigmentation 
in our study was moderate to heavy 
(grade 3 on a 0 to 4 system, with 4 
being heaviest) while pigmentary 
glaucoma classically has very heavy 
pigmentation (grade 4). Trabecular 
cell replication has been demonstrat- 
ed in vivo in cats and rabbits and in 
human meshwork organ culture.” It 
may be that if pigment phagocytosis 
causes a low rate of trabecular cell 
loss in eyes with pigmentary glauco- 
ma, the regenerative capacity is limit- 
ed or unable to respond to the pre- 
sumed trabecular cell loss. 


This investigation was supported in part by 
the Rappaport Foundation, Geneva, grant EY 
07065 from the National Institutes of Health, 
Bethesda, Md, and the Mayo Foundation, Roches- 
ter, Minn. 
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A Search for Lymphatic Drainage 


of the Monkey Orbit 


John J. McGetrick, MD; Douglas G. Wilson, PhD, MD; Richard K. Dortzbach, MD; 
Paul L. Kaufman, MD; Bradley N. Lemke, MD 


è Colloid solutions of technetium Tc 
99m and india ink injected into the retro- 
bulbar space of the cynomolgus monkey 
outside the extraocular muscle cone were 
removed from the orbit by the lymphatic 
vessels of the conjunctiva and eyelids and 
were then concentrated within the lymph 
nodes that drained the conjunctival and 
eyelid areas. Colloid solutions injected 
into the retrobulbar space inside the 
extraocular muscle cone did not reach the 
conjunctiva and did not collect in any 
lymph nodes over a 24-hour period. Within 
the orbit, the injected colloids spread 
along the planes of the connective-tissue 
septa. No lymphatic vessels were identi- 
fied within the orbits posterior to the 
conjunctiva. Small amounts of india ink 
left the posterior orbit and ultimately 
entered the contralateral orbit. This pos- 
terior pathway did not lead to lymphatic 
vessels or lymph nodes and therefore 
does not appear to represent a prelym- 
phatic pathway. 

(Arch Ophthalmol 1989; 107:255-260) 


g T'he human orbit is thought to be 
‘ + devoid of any lymph nodes or lym- 
phatic vessels. The presence of lym- 
phoid aggregates or fully formed 
lymph nodes in this area is always 
pathologic.'? To our knowledge, only 
one case of an ectopic lymph node 
occurring in a human orbit has been 
reported.’ 

The function of lymphatic vessels is 
to return large protein molecules and 
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excess tissue fluid to the vascular 
system from which they are constant- 
ly being lost. The pathway by which 
large protein molecules and fluid are 
removed from the orbit has been the 
subject of many animal studies.*"* 

India ink has been used extensively 
in the study of lymphatic capillaries 
throughout the body. These relatively 
large colloidal carbon particles are 
selectively taken up by lymphatic cap- 
illaries and are easily seen in histolog- 
ical sections. Following intraorbital 
injections in cats, india ink moved 
posteriorly along the optic nerve and 
was found in the cervical lymph nodes 
after 150 minutes, suggesting that the 
lymphatic system is involved with the 
removal of large particles from the 
orbit. Patek and Bernick’ injected 
india ink into the eye, orbit, and 
extraocular muscles of cats and rab- 
bits and concluded that no true endo- 
thelial-lined lymphatic vessels are 
present in the orbit except for those in 
the conjunctiva and eyelids. 

More recently, radioactively labeled 
colloids that are selectively taken up 
by lymphatic capillaries were devel- 
oped. When injected into the body, the 
compounds collect in the regional 
lymph nodes. When such lymphotrop- 
ic tracers were injected into the retro- 
bulbar area of rabbits,'*'? 90% of the 
tracer remained in the orbit for over 
one week; however, some tracer mate- 
rial was definitely present in the 
regional lymph nodes, including the 
deep cervical lymph nodes bilaterally 
and the ipsilateral superficial cervical 
and submandibular lymph nodes. Sig- 
nificant activity was also seen near 
both optic nerves, as well as in the 
contralateral retrobulbar space. Thus, 
these studies also demonstrated the 
presence of lymph drainage from the 
orbit and additionally suggested the 
presence of a posterior lymphatic 


communication between the retrobul- 
bar spaces. 

However, rabbits, cats, and dogs, 
despite their availability and relative- 
ly low cost, may not be suitable mod- 
els for the human orbit, as their orbit- 
al anatomy is very different from that 
of humans.'*° 

The cynomolgus monkey has been 
described as an excellent animal mod- 
el for orbital research.” Herein we 
report investigations into the pres- 
ence, absence, and pathways of lym- 
phatic drainage from the cynomolgus 
monkey orbit. 


MATERIALS AND METHODS 


Eleven cynomolgus monkeys (Macaca 
fascicularis) of both sexes and one female 
vervet monkey (Cercopithecus ethiops), 
weighing 2 to 5 kg, were studied. All 
received intraorbital or intrapalpebral 
injections of sterile physiological saline 
solution containing trace amounts of the 
lymphotropic tracer technetium Tc 99m 
colloid (half-life, six hours) and, in some 
cases, india ink or lidocaine hydrochloride. 
Injections were made with a 2.54-cm 23- 
gauge needle mounted on a 1-mL tubercu- 
lin syringe. The needle was used to draw 
the tracer solution into the syringe and 
was discarded and replaced with a fresh 
needle before injecting. The head of the 
anesthetized monkey was firmly stabilized 
in a mechanical head holder. 


Technetium Tc 99m Alone 


In five cynomolgus monkeys, the left 
inferior rectus muscle, along with the over- 
lying conjunctiva and Tenon’s capsule, was 
grasped with forceps, the left globe was 
rotated upward, the tip of the needle was 
passed through the inferotemporal con- 
junctiva and Tenon’s capsule deeply into 
(as best we could determine) the extraocu- 
lar muscle cone, and 0.13 mL of technetium 
Te 99m solution (standard preparation for 
interstitial use in humans) containing 0.6 
to 0.8 mCi was injected. As a control, a 
sixth cynomolgus monkey received the 
injection into the left lower eyelid. Anteri- 
or, inferior, and left lateral (Fig 1, top and 
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Fig 1.—Left lateral scintigraphs after left 
retrobulbar injection of technetium Tc 99m in 
cynomolgus monkeys. Top, Immediately after 
injection (monkey 2, head outlined externally 
with technetium Tc 99m for orientation), no 
lymph nodes were visible. Middle, Six hours 
after injection (monkey 3, injection 1) tracer 
was present in the retrobulbar area, but no 
lymph nodes were visible. Bottom, Six hours 
after injection of technetium Tc 99m with 
lidocaine (monkey 3, injection 2) one strongly 
tracer-positive lymph node (arrowhead) was 
visible in left submandibular-anterior cervical 
area; two other weakly positive nodes (one 
submandibular-anterior cervical, one deep 
cervical) were visible in inferior scintigraphic 
view (not shown). 


middle) scintigraphic images of the head 
and neck were obtained 1, 6, and 24 hours 
after injection, using a conventional gam- 
ma camera with a pinhole collimator. 


Technetium Tc 99m and Lidocaine 


Two to four weeks later, the same six 
monkeys received a 0.13-mL left intraor- 
bital injection containing technetium Te 
99m and 1% lidocaine hydrochloride. The 
same basic injection technique was used, 
but in four of these six animals, the injec- 
tion was subjectively placed outside the 
muscle cone, while in two monkeys, intra- 
conal placement was attempted. It was 
hoped that an intraconal injection contain- 
ing lidocaine would produce rapid, easily 
observable pupillary dilation, thus allow- 
ing unequivocal distinction between intra- 
conal and extraconal administration. We 
also attempted to localize the needle tip 
and the injected bolus by contact B-scan 
ultrasonography (Bronson-Turner Oph- 
thalmic B scan, Grumman Health Sys- 
tems, Woodbury, NY)! but were unsuc- 
cessful. Pupillary diameter and reactivity 
to a penlight stimulus in dim room light 
were monitored for ten minutes following 
the injection, and head and neck scinti- 
graphs were obtained at 1, 6 (Fig 1, bot- 
tom), and 24 hours. Three of these animals 
underwent reinjection on one to three 
occasions, with the same placement (two 
extraconal and one intraconal) attempted 
at two-week intervals. 


Technetium Tc 99m and India Ink 


Five different cynomolgus monkeys and 
the vervet monkey underwent both scinti- 
graphic and histologic study. The cynomol- 
gus monkeys received retrobulbar, puta- 
tively intraconal injections of 0.15 mL of 
tracer (0.10 mL of technetium Tc 99m and 
0.05 mL of india ink, buffered to pH 7.4 
with sodium bicarbonate), without lido- 
caine, in the left orbit; the vervet monkey 
was injected with unbuffered tracer bilat- 
erally. In each monkey, the same standard 
injection technique was employed as in the 
other groups, and scintigraphy was per- 
formed 12 hours later, after which the 
monkey underwent tracheotomy, intuba- 
tion, ventilation with a respirator, exsan- 
guination, and fixation by perfusion from 
the heart.” Following removal of the 
lymph nodes of the head and neck, the head 
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was removed and postfixed in 10% formal- 
dehyde solution for four weeks. The orbits 
were then excised intact, decalcified for 
two to three weeks, and processed for light 
microscopic examination.” The excised 
lymph nodes underwent scintigraphy and 
were then postfixed in 10% formaldehyde 
solution and processed for light microscop- 
ic examination. 

Anesthesia for retrobulbar and eyelid 
injections and scintigraphy consisted of 
intramuscular ketamine hydrochloride 
(equivalent to ketamine [10 mg/kg]) and 
diazepam (1 mg/kg). Tracheotomy and 
whole-body fixation were performed while 
the monkeys received 35 mg/kg of intra- 
muscular pentobarbital sodium. These 
studies conform to the Association for 
Research in Vision and Ophthalmology 
Resolution on the Use of Animals in 
Research.” 


RESULTS 
Clinical Observations 


Except for the vervet monkey 
receiving bilateral retrobulbar tech- 
netium Tc 99m and india ink, all injec- 
tions were well tolerated with no clin- 
ically visible reaction. The bilaterally 
injected vervet monkey exhibited 
bilateral upper and lower eyelid ede- 
ma and conjunctival chemosis and 
hyperemia. This was the first animal 
to receive india ink, and the un- 
buffered solution was basic. For all 
subsequent ink injections, the solu- 
tion was buffered to pH 7.4 with sodi- 
um bicarbonate, and no reaction 
occurred. 


Technetium Tc 99m Alone 


The monkey (monkey 6) receiving 
technetium Tc 99m in the lower eyelid 
as a control exhibited a single scinti- 
graphically positive lymph node in the 
ipsilateral submandibular-anterior 
cervical (SAC) area at one hour; this 
was the only experiment in which a 
node was visible at that time. At six 
and 24 hours, two additional ipsilater- 
al lymph nodes were visible, one in the 
SAC area slightly posterior to the 
first node and one in the deep cervical 
(DC) area. Three (monkeys 1, 3, and 4) 
of the five monkeys receiving retro- 
bulbar injections demonstrated no 
scintigraphically visible lymph nodes 
at 1, 6 (Fig 1, middle), or 24 hours. One 
monkey (monkey 2) exhibited three 
easily visible ipsilateral SAC nodes 
and one weakly visible ipsilateral DC 
node at six and 24 hours. One monkey 
(monkey 5) exhibited two strongly 
positive SAC nodes and two weakly 
positive DC nodes at both six and 24 
hours (Table 1). 


Technetium Tc 99m and Lidocaine 


Monkey 1, in which extraconal 
injection was attempted on four occa- 
sions, never exhibited any scinti- 
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Table 1.—Scintigraphy Following Retrobulbar Injection of 
Technetium Tc 99m With or Without Lidocaine 


Scintigraphic Examination Results by Injection Site * /Pupilt /Nodes¢ 


Technetium Tc 
99m Alone 
Injection 1 


Monkey 


Injection 2 


Technetium Tc 99m and Lidocaine 


Injection 3 Injection 4 Injection 5 





*i indicates inside extraocular muscle cone; E, outside extraocular muscle cone; and C, control eyelid 


injection. 


t1 indicates no dilation, reactive; 2, slight dilation; 3, moderate dilation; and 4, fully dilated, nonreactive. 
Minus sign indicates lymph nodes negative for technetium Tc 99m; plus sign, positive for technetium Tc 


99m. 


Table 2.—Scintigraphic and Histological Examination Following 
Retrobulbar Injection of Technetium Tc 99m With India Ink 


12-Hour 
Scant 


Monkey Injection 
No.* Sitet 


Autopsy 
Scan of 
Lymph Nodes§ 


Color of 
Nodes 


Lymph Node 
Histology] 


7 right E + + Dark 45 
| - — i _ 





*Monkey 7 is vervet; monkeys 8 through 12, cynomolgus. 
tl indicates inside extraocular muscle cone; E, outside extraocular muscle cone, based on location of india 


ink bolus at histological examination of orbital sections. 


Plus sign indicates lymph nodes positive for technetium Tc 99m; minus sign, negative for technetium Tc 
99m, on scintigraph obtained 12 hours after retrobulbar injection of tracer. 

§Plus sign indicates lymph nodes positive for technetium Tc 99m; minus sign, negative for technetium Tc 
99m, following excision and repeated scintigraph of excised nodes. 

||Plus sign indicates lymph nodes positive for india ink; minus sign, negative for india ink, on scintigraph 


obtained on histological examination. 


graphically visible lymph nodes. Mon- 
key 2, which had demonstrated three 
visible nodes after receiving techne- 
tium Tc 99m alone, did not exhibit any 
visible nodes after a single attempt at 
extraconal injection. Monkeys 3 and 4, 
in which extraconal injection was 
attempted on one occasion, both 
exhibited visible nodes; monkey 3 
showed one strongly and one weakly 
visible SAC node and one weakly visi- 
ble DC node (Fig 1, bottom). Monkey 4 
demonstrated one strongly visible 
SAC node and one weakly visible DC 
node. Monkey 5 had intraconal injec- 
tions attempted on three occasions; on 
the first occasion, the same four 
lymph nodes were visible as after 
technetium Te 99m administration 
alone; the second time, only one SAC 
node was visible; and on the third 
occasion, no nodes were seen. Monkey 
6, in which extraconal injection was 
attempted twice, exhibited one 
strongly visible SAC node only on the 
second occasion. In all experiments 


showing visible nodes, the scinti- 
graphs at six and 24 hours were iden- 
tical (Table 1). 

In monkeys 1, 3, 4, and 6, a collective 
total of eight extraconal injections 
were attempted. There was no or min- 
imal grossly apparent effect on pupil- 
lary function (grade 0 or 1 [Table 1)]) 
on four occasions and moderate to 
complete interruption (grade 2 or 3) 
on the other four. In monkeys 2 and 5, 
a collective total of four intraconal 
injections were attempted, with two 
having no or minimal effect and two 
producing moderate or complete 
interruption of pupillary function. In 
each of the three monkeys injected 
more than once (two putatively extra- 
conal and one putatively intraconal), 
the effect on pupillary function 
ranged from none to maximal on the 
different occasions. 


Technetium Tc 99m and India Ink 


In the vervet monkey that received 
bilateral injection, the 12-hour scinti- 
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Fig 2.—Frontal histologic sections through 
left orbit 12 hours after retrobulbar injection of 
technetium Tc 99m with india ink. | indicates 
inferior rectus muscle; L, lateral recti; arrow- 
heads, india ink (black material); O, optic 
nerve; C, pigmented choroid; and S, sclera 
(hematoxylin-eosin, original magnification 
X3.8). Top left, Monkey 9 at level of posterior 
pole. Section contained highest concentration 
of india ink located between inferior and later- 
al recti. Top right, Monkey 9 at 3 mm behind 
globe. Ink was present along planes of con- 
nective-tissue septa in much lesser amounts. 
Middle left, Monkey 10 at 3.9 mm behind 
globe. Section contained highest concentra- 
tion of ink; majority was outside muscle cone. 
Middle right, Monkey 10 at level of posterior 
pole. Moderate amount of ink was present in 
inferonasal orbit outside muscle cone near 
periosteum. Bottom left, Monkey 11 at 0.6 mm 
behind globe. Ink was located along planes of 
connective-tissue septa primarily within mus- 
cle cone and along medial border of lateral 
rectus. Bottom right, Monkey 11 at level of 
posterior pole. Ink was located along planes of 
connective-tissue septa within inferior half of 
> ea ee | muscle cone and along medial border of 
lateral rectus. 
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graph demonstrated visible lymph 
nodes in the right SAC area but none 
on the left. At autopsy, the right SAC 
area contained three dark lymph 
nodes, all demonstrating technetium 
Te 99m scintigraphically and all con- 
taining india ink microscopically. In 
the right orbit, microscopic examina- 
tion showed the highest concentration 
of india ink to be 2.1 mm behind the 
globe and completely outside the mus- 
cle cone. The ink could be traced ante- 
riorly to the inferior forniceal con- 
junctiva and posteriorly to the orbital 
apex, where a small amount exited 
through the superior orbital fissure 
near the superior ophthalmic vein. In 
the left orbit, ink concentration was 
highest inside the muscle cone near 
the posterior pole of the globe. How- 
ever, some ink had spread outside the 
cone, both anteriorly (to within 5.1 
mm of the conjunctiva) and posterior- 
ly, with a small amount again exiting 
through the superior orbital fissure. 
In neither orbit were lymphatic ves- 
sels seen; rather, the ink spread 
along the connective-tissue septa (Ta- 
ble 2). 

All five cynomolgus monkeys 
received left unilateral retrobulbar 
injections. In monkey 8, the 12-hour 
scintigraph demonstrated intense ac- 
- tivity within the left orbit and left 
maxillary sinus. Several strongly pos- 
itive lymph nodes were present in the 
left SAC area, and one weakly positive 
node was seen in the right SAC area. 
At autopsy, three left SAC nodes were 
dark in color, positive on scintigraphy, 
and contained india ink at microscopic 
examination; no dark nodes were 
found on the right. Microscopy of the 
left orbit revealed the highest ink 
concentration outside the muscle 
cone, 6.3 mm posterior to the globe. 
The ink had spread anteriorly to the 
conjunctiva and also into the left 
maxillary sinus. Posteriorly, ink had 
spread both inside and outside the 
muscle cone, with a small amount 
leaving the orbit near the ophthalmic 
artery. No lymphatic vessels were 
seen within the left orbit, and no ink 
was found anywhere within the right 
orbit or right maxillary sinus. 

In monkey 9, the 12-hour scinti- 
graph demonstrated one positive left 
SAC node, which could not be located 
at autopsy; the five lymph nodes 
examined contained neither techne- 
tium Te 99m nor india ink. Microscop- 
ically, ink was concentrated near the 
posterior pole of the globe, with about 
half being inside and half outside the 
muscle cone (Fig 2, top left and top 
right). Ink had spread anteriorly to 
the beginning of the conjunctiva. Pos- 


Arch Ophthalmol— Vol 107, February 1989 


teriorly, ink was found predominantly 
outside the muscle cone, with a small 
amount having spread along the oph- 
thalmic artery to leave the orbit via 
the optic canal. No lymphatic vessels 
were seen in the left orbit, and no ink 
was seen in the right orbit. 

In monkey 10, the 12-hour scinti- 
graph demonstrated one strongly pos- 
itive left SAC node, one weakly posi- 
tive left DC node, and one weakly 
positive right SAC node. The two pos- 
itive left nodes were found at autopsy; 
both were dark in color and demon- 
strated technetium Te 99m on scintig- 
raphy and india ink at microscopic 
examination. No such nodes could be 
found on the right side. On microscop- 
ic examination of the left orbit, the 
highest ink concentration was located 
3.9 mm behind the globe outside the 
muscle cone; only a small thread of 
ink followed a connective-tissue sep- 
tum and extended inside the cone (Fig 
2, middle left and middle right). Ante- 
riorly, ink extended to the conjuncti- 
va, while posteriorly, a small amount 
left the orbit through the optic canal 
near the ophthalmic artery. No lym- 
phatic vessels were seen. ‘Trace 
amounts of ink were present in the 
adventitia of the left and right oph- 
thalmic arteries near the optic chi- 
asm; the ink trail along the right 
ophthalmic artery ended just before 
entering the right orbit. 

In monkey 11, the 12-hour scinti- 
graph showed no lymph nodes, no 
dark nodes were seen at autopsy, and 
none of the eight nodes removed from 
the left SAC and DC areas contained 
technetium Tc 99m or india ink. The 
highest concentration of ink was 
located 1.2 mm behind the globe, with- 
in the muscle cone (Fig 2, bottom left 
and bottom right). Ink extended ante- 
riorly to within 1.5 mm of the con- 
junctiva. Posteriorly, it had spread 
along connective-tissue septa inside 
and outside the muscle cone, with a 
small amount following the ophthal- 
mic artery as it exited the orbit. No 
lymphatic vessels were seen posterior 
to the conjunctiva. On the right side, 
ink was present only in proximity to 
the ophthalmic artery behind and just 
within the posterior orbit. 

In monkey 12, the 12-hour scinti- 
graph showed two positive left SAC 
lymph nodes. These two nodes were 
darkly colored at autopsy, demon- 
strating technetium Tc 99m on scin- 
tigraphy, and contained india ink at 
microscopic examination. Seven other 
left and right SAC and DC lymph 
nodes were pale in color and did not 
demonstrate technetium Tc 99m and 
india ink on scintigraphic and micro- 


scopic examination, respectively. The 
highest ink concentration was located 
1 mm behind the left globe, outside 
the muscle cone. Ink extended anteri- 
orly to the conjunctiva. Posteriorly, 
ink remained primarily outside the 
muscle cone, with a small amount 
exiting the left orbit along the oph- 
thalmic artery. Ink was also present 
along the right ophthalmic artery 
behind and just inside the right orbit- 
al apex. No lymphatic vessels were 
seen in either orbit. 


COMMENT 


Technetium Tc 99m was injected 
into the lower eyelid of one monkey as 
a control to demonstrate the normal 
route of lymphatic drainage from the 
eyelid and conjunctiva, tissues known 
to contain true endothelial-lined lym- 
phatic capillaries. Since the retrobul- 
bar injections were being adminis- 
tered through the lower eyelid, we 
believed that any extraconal deposi- 
tion of tracer would be more likely to 
occur inferiorly than superiorly. The 
absence of visible preauricular or par- 
otid nodes in all scintigraphs further 
suggested that upper eyelid injection 
would not have contributed to the 
interpretation of our experiments. 
Following lower eyelid injection, 
tracer passed rapidly through the 
lymphatic vessels, reaching the ipsi- 
lateral SAC lymph nodes within one 
hour and the DC nodes within six 
hours. In the first two monkeys 
receiving retrobulbar injections, 
lymph nodes demonstrated techne- 
tium Tc 99m in the same areas but at 
a later time (six and 24 hours) than 
those of the monkey receiving the 
eyelid injection. The next three mon- 


keys retained all tracer within the 


orbit for the entire 24-hour observa- 
tion period. On the basis of these 
findings, we postulated that (1) tracer 
did not artifactitiously follow the nee- 
dle anteriorly to the conjunctival and 
eyelid tissues during needle with- 
drawal, since only after injection 
directly into the eyelid did the one- 
hour scintigraph show a positive 
lymph node; (2) in the first two mon- 
keys receiving retrobulbar injections, 
the injections were extraconal rather 
than intraconal, so that the injected 
material was removed via the lym- 
phatics of the conjunctiva and eyelids; 
and (3) in the next three monkeys 
receiving retrobulbar injections, the 
injections were intraconal so that the 
injected material was retained be- 
cause it could not reach the adnexal 
lymphatics and there were no intra- 
conal ones. 

The experiments with lidocaine and 
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ultrasound were designed to test this 
hypothesis by attempting to docu- 
ment intraconal vs extraconal place- 
ment of the retrobulbar injection 
without killing the animal. Unfortu- 
nately, neither technique proved help- 
ful, and computed tomography was 
deemed too expensive. Nonetheless, 
we were able to produce lymph node 
scintigraphs in every animal but one, 
in which nodes were never visualized 
on five separate occasions. In the five 
animals in which nodes were visual- 
ized, the nodes were always in the 
same location as in the eyelid-injected 
control, suggesting drainage of tracer 
via the conjunctival lymphatic ves- 
sels. 

The experiments with india ink 
were designed to document placement 
of the retrobulbar injection and the 
drainage pathway followed by the 
tracers, using direct gross and micro- 
scopic anatomic observation. In five of 
the seven orbits that had been 
injected, the material had been depos- 
ited completely’ or partially! outside 
the muscle cone. In all five cases, india 
ink extended anteriorly to the con- 
junctiva and was present in lymph 
nodes located in the same areas as 
those draining the conjunctiva and 
eyelids. In the other two orbits, the 
material had been deposited com- 
pletely within the muscle cone. In 
both cases, the anterior extension of 
india ink stopped well posterior to the 
conjunctiva, and neither technetium 
Tc 99m nor ink was present in the 
cervical lymph nodes. These findings 
are also entirely consistent with the 
hypothesis that lymphotropic tracers 
within the extraconal orbit leave via 
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conjunctival and eyelid lymphatic ves- 
sels, while intraconal tracer is pre- 
vented or significantly delayed from 
reaching the conjunctiva and not 
removed via separate intraconal lym- 
phatic vessels. 

India ink injected retrobulbarly 
spread along the planes of the connec- 
tive-tissue septa. The arrangement of 
these septa and their relationship to 
the extraocular muscles has been 
extensively studied in the human 
orbit,” and it has been suggested that 
contraction and relaxation of the 
extraocular muscles may produce 
varying tension on the septa”; this 
could account for spreading of tracer 
within the orbit. In cynomolgus mon- 
keys, the orbital septal network is not 
as well developed posteriorly as ante- 
riorly,” allowing the ink to spread 
freely inside and outside the muscle 
cone in the posterior orbit. Thus, 
given enough time, intraconal tracer 
could leave the muscle cone posterior- 
ly and travel forward extraconally, 
ultimately reaching the conjunctival 
lymphatic vessels. Given the small 
injection volume (0.15 mL), tracer 
spread is unlikely to have been an 
iatrogenic artifact consequent to the 
propulsive force of the injection. Any 
such force would be far too small and 
rapidly dissipated to create planes for 
fluid movement as far from the needle 
tip as the orbital apex and the subcon- 
junctival region. Furthermore, any 
rapid iatrogenically related spread of 
tracer anteriorly to the conjunctiva 
should have produced visible subman- 
dibular or cervical nodes on the one- 
hour scintigraph, as after eyelid injec- 
tion. 
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In all of our monkeys, india ink 
exited the orbit posteriorly. In the 
vervet monkey, ink left via the superi- 
or orbital fissure, while in the five 
cynomolgus monkeys, small amounts 
left via the optic canal alongside the 
ophthalmic artery. In three of the 
cynomolgus monkeys, ink spread 
along the contralateral retro-orbital 
ophthalmic artery and in two actually 
entered the contralateral orbit poste- 
riorly. Posterior communication be- 
tween the orbits has also been demon- 
strated in rabbits by orbital lympho- 
scintigraphy.: In the two monkeys 
receiving intraconal injections, there 
were no positive cervical lymph nodes, 
despite ink exiting the orbit posterior- 
ly and, in one case, even entering the 
contralateral orbit. This indicates 
even more strongly the absence of a 
posterior lymphatic drainage system, 
and also indicates that the posterior 
route is not a prelymphatic pathway, 
as suggested previously.*'* The poste- 
rior pathway, however, may provide 
an additional route by which orbital 
cellulitis can lead to meningitis or 
cavernous sinus thrombosis with 
involvement of the contralateral orbit 
and may explain why contralateral 
akinesia and decreased vision can fol- 
low retrobulbar anesthesia.” 
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Drug Binding of Ophthalmic Viscoelastic Agents 


Mark L. McDermott, MD, Henry F. Edelhauser, PhD 


è When viscoelastic agents that con- 
tain hyaluronate sodium are used during 
anterior segment surgical procedures, it 
is common for some of the material to 
remain intraocularly after the surgery is 
completed. A variety of drugs, used intra- 
camerally or topically following surgery, 
are also present. These drugs may be 
bound to the polyanionic hyaluronate 
molecule. This occurrence may cause 
drug alterations in therapeutic effective- 
ness, pharmacokinetics, and toxicity. To 
investigate the possibility for drug-visco- 
elastic agent adsorption, in vitro drug- 
binding studies were performed on three 
commercial viscoelastic agents; undi- 
luted aliquots of Amvisc, Healon, or Vis- 
coat were mixed with radiolabeled bD- 
threo-chloramphenicol, dexamethasone, 
L-epinephrine, or pilocarpine hydrochlo- 
ride, placed in dialysis membranes, and 
dialyzed for 24 hours against an isotonic 
phosphate buffer. The calculated drug 
binding by a viscoelastic agent ranged 
from 0% to 1.5%. These extremely low 
values for in vitro drug uptake by visco- 
elastic agents made it unlikely that any 
significant drug-viscoelastic agent inter- 
action would occur in the postoperative 
eye. 

(Arch Ophthalmol 1989; 107:26 1-263) 


J” the 1970s, attempts at developing 
a vitreous humor substitute re- 
sulted in the isolation of an ultrapure 
hyaluronate sodium preparation.’ 
This sodium salt of hyaluronic acid 
shares the same primary structure of 
hyaluronic acid, ie, a polyanionic 
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disaccharide consisting of N-acetyl 
glucosamine and D-glucuronic acid.’ 
In solution, the high molecular weight 
and tertiary structure of hyaluronate 
sodium’ result in physicochemical 
properties classified as viscoelastic. 
Despite a molecular weight in the 1 to 
2 million-dalton range and gel consis- 
tency, hyaluronate sodium is easily 
extruded through small-gauge cannu- 
las. Intraocularly, the material can 
atraumatically move, separate, stabi- 
lize, and protect delicate tissues. 
Because of these unique properties, 
viscoelastic agents are extensively 
used during anterior segment proce- 
dures.‘ Viscoelastic agents are rou- 
tinely used during cataract extrac- 
tion, penetrating keratoplasty, in- 
traocular lens implantation, and 
glaucoma-filtering procedures,’ and in 
the surgical management of ocular 
trauma.’ During the course of these 
procedures, a variety of intracameral 
and topical drugs are used. At pH 7.4, 
many of these drugs carry a charged 
moiety. For cationic drugs, binding to 
the polyanionic structure of hyaluro- 
nate could be expected. Significant 
drug-viscoelastic agent binding, if 
present, may increase the duration of 
activity of drugs administered intra- 
camerally or topically and/or reduce 
their therapeutic effect. The purpose 
of this study, therefore, was to evalu- 
ate the drug-binding behavior of three 
commercial viscoelastic agents when 
they were combined with four oph- 
thalmic drugs that were used intraca- 
merally or topically. 

The drugs selected were D-threo- 
chloramphenicol, dexamethasone, L- 
epinephrine, and pilocarpine hydro- 
chloride. Selection was based on the 
ready availability of radiolabeled 
forms of the drugs. Besides ready 
availability, chloramphenicol and 
dexamethasone were selected because 
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they represented a class of lipophilic 
neutral drugs. Epinephrine and pilo- 
carpine are charged drugs, and their 
use would allow evaluation of binding 
due to electrostatic interactions with 
the polyanionic character of hya- 
luronate. To eliminate errors due to 
differential adsorption of a radiola- 
beled form of a particular drug over 
its unlabeled form, no supplemental 
unlabeled drug was added to the 
radiolabeled drug solution. Because no 
unlabeled drugs were added to the 
radiolabeled drugs, the concentra- 
tions of drugs were necessarily very 
low. This low level, however, allowed 
greater sensitivity if it was antici- 
pated that only a small amount of 
drug would be bound by the viscoelas- 
tic material. 


MATERIALS AND METHODS 


Samples of Healon (Pharmacia Labora- 
tories, Piscataway, NJ) were obtained from 
material that remained in syringes after 
their use during surgery. Table 1 summa- 
rizes the composition of the three visco- 
elastic materials. Radiolabeled drugs 
(D-threo-chloramphenicol, dexametha- 
sone, L-epinephrine, and pilocarpine), scin- 
tillation cocktails (Aquasol and Econoflor), 
and a tissue solubilizer (Protosol) were 
purchased from a commercial manufactur- 
er (NEN Research Products, Boston). One 
thousand-dalton molecular weight cutoff 
dialysis tubing and closures were obtained 
from a commercial manufacturer (Spec- 
trum Industries, Los Angeles). The dialysis 
buffer consisted of a 0.067-mol/L phos- 
phate buffer (pH 7.4) that was made 300 
mosm by the addition of sodium chloride. 

Using a positive-displacement piston 
pipette (Rainin Instruments, Woburn, 
Mass), 500-uL aliquots of undiluted visco- 
elastic material were dispensed into plastic 
screw-top test tubes, and 20 uL of the 
radiolabeled drug was then added (triti- 
ated epinephrine: specific activity, 78.1 Ci/ 
mmol, diluted 1:10 with absolute ethyl 
alcohol (ethanol); tritiated pilocarpine: 
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specific activity, 8.0 Ci/mmol; tritiated 
dexamethasone: specific activity, 49.9 Ci/ 
mmol, diluted 1:10 with absolute ethyl 
alcohol; and carbon 14-labeled chloram- 
phenicol: specific activity, 60 mCi/mmol). 
The drug-viscoelastic agent solution was 
vigorously agitated for two minutes on a 
vortex mixer to ensure thorough drug dis- 
persion. A 100-uL aliquot of the drug- 
viscoelastic agent solution was withdrawn 
to determine the drug concentration. An 
additional 250-uL aliquot of the same mix- 
ture was dispensed into a 12 X 50-mm-long 
dialysis membrane and sealed. 

The dialysis conditions consisted of a 
250-uL sample volume that was dialyzed 
against an 18.0-mL buffer volume. Dialysis 
was performed at 37°C in a Dubnoff water 
bath for 24 hours. Preliminary experi- 
ments using this system with drug-buffer 
solutions showed steady-state conditions 
to occur within six to eight hours of dialy- 
sis and negligible drug binding to the 
dialysis tubing. 

At the completion of the experiment, 
100-uL samples of the dialyzing buffer and 
dialysate were collected. Samples of the 
dialysate were obtained by puncturing the 
closed dialysis tube and aspirating its con- 
tents to prevent mixing of the sample with 
the dialysis buffer that was adherent to 
the external surface of the tubing. Samples 
of the dialysis buffer were placed into 
scintillation vials that contained 15 mL of 
Aquasol. The viscoelastic samples were 
placed into vials that contained 2 mL of 
Protosol and digested at 56°C for 30 
minutes, followed by the addition of 13 mL 
of Econoflor. All samples underwent liquid 
scintillation spectroscopy using a liquid 
scintillation system (Searle Analytic. 92, 
(G. D. Searle & Co, Skokie, Ill). All results 
were corrected for quenching effects. 

A percentage bound (% B) figure for 
each viscoelastic drug combination was 
determined using the following equation 
(disintegrations per minute [dpm]): 


[dpm dialysis bag) 
(2.5) +(180) (dpm 
dialyzing buffer) 

—(182.5) (dpm 

dialyzing buffer)] + 

[(dpm dialysis bag) 
(2.5)+(180) (dpm 
dialyzing buffer)] 


% B= X100% 


If the dpm present in the dialysis bag 
were less than the dpm present in the 
dialyzing buffer, a 0% bound figure was 
used. Drug levels in a particular drug- 
viscoelastic agent combination were deter- 
mined by counting a 100-uL aliquot and 
calculating the drug concentration using 
the specific activity supplied by the manu- 
facturer for that drug. 


RESULTS 


In Table 2, the equilibrium dialysis 
results are presented. Included are the 
particular viscoelastic agent tested, 
the mean drug concentrations used, 
and the binding results. Each binding 
result is the mean of three experi- 
ments. For chloramphenicol, the drug 
binding was reported as zero because 


Table 1.—Composition of Viscoelastic Agents * 


Viscoelastic Agent Composition 


Amvisc 


10 mg/mL of hyaluronate sodium (MW, 2.04 X 108 daltons),? 9 mg/mL of 


- sodium chloride USP, and water for injection USP QS 


Healon 


10 mg/mL of hyaluronate sodium (MW, 2.43 X 10® daltons),? 8.5 mg/mL 


of sodium chloride, 0.28 mg/mL of disodium hydrogen phosphate 
dihydrate, 0.04 mg/mL of sodium phosphate hydrate, and water for 


injection USP QS 


Viscoat 


30 mg/mL of hyaluronate sodium (MW, 7.0 X 10° daltons),¢ 40 mg/mL of 


sodium chondroitin sulfate, 0.45 mg/mL of NaHPO4, 2.0 mg/mL of 
NagHPO,, 4.3 mg/mL of sodium chloride, and water for injection USP 


QS 









*MW indicates molecular weight; USP, United States Pharmacopeia; QS, quantity sufficient; NaHəPO4, 
sodium dihydrogen phosphate; and Na2HPO4, disodium hydrogen phosphate. 
tCourtesy of CooperVision, Cilco Division, Sanford, NC. 


Table 2.—Equilibrium Dialysis Results 


Viscoelastic 
Agent 


Amvisc 


Drug 
Chloramphenicol 
Dexamethasone 
Epinephrine 
Pilocarpine 
Chloramphenicol 
Dexamethasone 
Epinephrine 
Pilocarpine 
Chloramphenicol 
Dexamethasone 
Epinephrine 
Pilocarpine 


Healon 


Viscoat 


Mean + SD Drug 


Concentration, % Bound 
nmol/L Mean + SD 
88 + 1.3 O 

0.087 + 0.002 0.11 + 0.004 

0.031 + 0.0005 0.29 + 0.06 

0.51 + 0.016 0.12 + 0.025 
86 + 0.9 0 
0.083 + 0.001 0.098 + 0.13 
0.031 + 0.001 0.57 + 0.07 
0.52 + 0.011 0.073 + 0.011 
91+ 8.4 0 
0.091 + 0.006 0.019 + 0.021 
0.031 + 0.0004 1.48 + 0.15 


0.28° + 0.31 0.12 + 0.025 





*Amount is reduced to provide sufficient quantity of this custom radiolabel to allow a triplicate 


determination. 


the concentration of drug found in the 
dialysis bag was less than in the sur- 
rounding buffer. This occurred despite 
the fact that chloramphenicol was 
present in much higher concentra- 
tions. Epinephrine was the drug most 
bound by all three viscoelastic agents. 
Epinephrine binding by Viscoat was 
three to five times greater than the 
other two viscoelastic materials. Pilo- 
carpine binding by all three agents 
appeared to be similar. Viscoat bound 
dexamethasone the least, while Hea- 
lon and Amvisc binding of dexameth- 
asone was equivalent. Despite these 
differences, all of the percentage 
bound figures were extremely small, 
with the maximum binding observed 
being less than 2%. 


COMMENT 


We have found that all three oph- 
thalmic viscoelastic agents have insig- 
nificant in vitro drug-binding capabil- 
ities. In comparing the binding results 
between different drugs and visco- 
elastic agents, several conclusions 
arise. In every experiment where 
chloramphenicol was mixed with a 
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viscoelastic agent, the dpm present in 
the dialysis bag at equilibrium were 
less than in the dialysis buffer. This 
suggests that these viscous materials 
may be excluding (to a small degree) 
chloramphenicol. It is possible that 
this is secondary to the lipophilic, 
hydrophobic character of chloram- 
phenicol. A lipophilic drug may not be 
able to penetrate the intensely hydro- 
philic environment produced by the 
charged hydrated hyaluronate or 
chondroitin sulfate polymers. Anoth- 
er relatively lipid-soluble drug, dexa- 
methasone, was also bound in very 
low percentages that support this con- 
clusion. By comparison, polar, posi- 
tively charged molecules would be 
expected to interact readily with the 
hydrophilic environment of a visco- 
elastic agent. The binding percentages 
observed for epinephrine appear to 
support this idea. For all viscoelastic 
agents, the percentage of drug bound 
was highest for epinephrine. More- 
over, Viscoat, which contains chon- 
droitin sulfate, as well as hyaluronate, 
bound the largest amount of epine- 
phrine. This is likely due to the fact 
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that chondroitin sulfate has a greater 
number of anionic sites (carboxyl and 
sulfate groups), compared with hya- 
luronate (carboxyl groups only), to 
interact with the cationic epine- 
phrine. 

Despite the aforementioned differ- 
ence in the absolute number of nega- 
tively charged groups in hyaluronate 
and chondroitin sulfate, both poly- 
mers have large numbers of carboxyl 
or sulfate groups. It could be expected, 
therefore, that a large amount of a 
positively charged drug, such as epi- 
nephrine, would be adsorbed, leading 
to a binding percentage greater than 
was seen in our study. The explana- 
tion for this disparity is based on the 
chemical forms of hyaluronic acid and 
chondroitin sulfate that are present in 
the viscoelastic agent. Both polymers 
are present as sodium salts; therefore, 
all available anionic sites are already 
occupied by a sodium cation. The only 
way a positively charged drug, like 
epinephrine, can bind by an ionic 
interaction is to displace a sodium ion. 
Since the charge density of the small 
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ion sodium greatly exceeds that of an 
epinephrine molecule, displacement of 
the sodium ion by epinephrine is 
unlikely. 

Even if a positively charged drug 
could displace some sodium ions 
(thereby increasing the percentage of 
drug bound), this figure must exceed 
85% to 90% to be clinically signifi- 
cant. It is very unlikely, therefore, 
that these three viscoelastic agents, 
which showed less than 2% binding of 
any drug, will alter drug behavior in 
the postoperative eye. 

The clinical significance of this 
observation is especially relevant- 
given the increasing number of agents 
being introduced intraocularly during 
surgery. The literature contains refer- 
ences for the introduction of epine- 
phrine,’® moxisylyte (thymoxamine 
hydrochloride),'! gentamicin sulfate,” 
and thrombin’ into the anterior 
chamber. From our data, it appears to 
be likely that the nonproteinaceous 
agents will not interact with visco- 
elastic agents present in the eye. 

Another important conclusion from 
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our data is the fact that the viscoelas- 
tic agents not only did not bind drugs, 
they also did not prevent the attain- 
ment of equilibrium, ie, a drug was 
free to diffuse through the viscoelas- 
tic polymer network. Likewise, small 
molecular weight nutrients and waste 
products would still be able to cross 
the layer of a viscoelastic agent that 
coats the corneal endothelium. 

In summary, the three commercial- 
ly available viscoelastic agents be- 
haved as inert substances during in 
vitro drug-binding assays. Therefore, 
a viscoelastic agent present intraocu- 
larly is not expected to alter drug 
activity via an adsorptive mecha- 
nism. 
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A New Model of Experimental 


Choroidal Neovascularization in the Rat 


Ernest T. Dobi, PhD; Carmen A. Puliafito, MD; Maryanna Destro, MD 


@ Choroidal neovascularization in rat 
eyes was induced by krypton laser photo- 
coagulation. Lesions were studied weekly 
by ophthalmoscopy, fundus photography, 
and fluorescein angiography. Morpholog- 
ic correlation was provided by serial sec- 
tioning of lesions for light and transmis- 
sion electron microscopy. In addition, 
vascular casts were prepared for scan- 
ning electron microscopy. Choroidal 
neovascularization occurred in 25 (60%) 
of 42 lesions, as evidenced by growth of 
capillaries through breaks in Bruch’s 
membrane. In addition, 24 (28%) of 86 
lesions studied by fluorescein angiogra- 
phy demonstrated leakage. This study 
provides the most complete angiograph- 
ic, histologic, and ultrastructural docu- 
mentation of experimental choroidal 
neovascularization in the rat. This model 
may be useful for in vivo studies of choroi- 
dal angiogenesis and its modulation via 
drug therapy. 

(Arch Ophthalmol 1989; 107:264-269) 


horoidal neovascularization is the 

cause of legal blindness in up to 
90% of patients with age-related mac- 
ular degeneration! and is an impor- 
tant cause of visual loss in numerous 
other chorioretinal disorders.2 How- 
ever, the factors leading to choroidal 
neovascularization are poorly under- 
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stood. While there have been numer- 
ous recent reports describing angio- 
genic factors’ and angiostatic drugs,’ 
these have not been studied in rela- 
tion to choroidal neovascularization, 
partly due to the lack of a suitable 
animal model. 

Animal studies reporting laser- 
induced choroidal neovascularization 
include those in the rabbit, cat,’* 
rat,” and primate," of which the 
primate model has been most thor- 
oughly investigated. However, a non- 
primate model would be useful both 
for basic investigations of choroidal 
angiogenesis and for studies of its 
modulation by drug therapy. In the 
current study, we report the develop- 
ment of a reproducible animal model 
of laser-induced choroidal neovascu- 
larization in the rat. 


MATERIALS AND METHODS 


Fifteen Long-Evans female rats 
(Charles River Laboratories, Wilmington, 
Mass), weighing between 175 and 250 g, 
were anesthetized with an intramuscular 
injection of xylazine hydrochloride (2 mg/ 
kg of body weight), acepromazine maleate 
(0.5 mg/kg), and ketamine hydrochloride 
(100 mg/kg of body weight) and given 
topical 0.5% proparacaine hydrochloride. 
The pupils were dilated with 2.5% phenyl- 
ephrine hydrochloride. 

Krypton laser radiation (647 nm) was 
delivered through a Zeiss slit lamp (Coher- 
ent Model 920 Photocoagulator, Palo Alto, 
Calif) with a handheld coverslip (22 x 30 
mm) serving as a contact lens. Laser 
parameters used were as follows: a spot 
size of 100 um, a power of 50 to 160 mW, 
and an exposure duration of 0.1 s. An 
attempt was made to break Bruch’s mem- 
brane, as clinically evidenced by central 
bubble formation with or without intra- 
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retinal or choroidal hemorrhage. We found 
that a treatment power of 120 mW most 
consistently produced this effect. 

Six to eight lesions were created between 
the major retinal vessels in each fundus. 
The lesions were studied weekly by oph- 
thalmoscopy, fundus photography, and 
fluorescein angiography using a Canon 
Fundus CF-60ZA camera (Lake Success, 
Long Island, NY). For fluorescein angiog- 
raphy, 0.05 mL of 10% fluorescein sodium 
was injected into the tail vein of the anes- 
thetized rats. Fluorescein angiograms 
from arterial through late venous phase 
were obtained on a weekly basis for up to 
45 days following treatment. 

A total of 23 eyes were studied, with a 
mean follow-up of 37 days (range, one to 90 
days). The animals were killed with an 
overdose of pentobarbital sodium. Eyes 
were enucleated and fixed overnight in 
2.5% glutaraldehyde and 2% paraformal- 
dehyde in 0.1 mol/L of cacodylate buffer, 
pH 7.2, at 4°C. For light microscopy, tissue 
samples were dehydrated and embedded in 
JB-4 plastic (Polysciences, Warrington, 
Pa), serially sectioned at 2 um, and stained 
with Stevenol’s Blue and Luna’s stains.” 
For transmission electron microscopy, 
eyes were fixed as above, postfixed in 1% 
osmium tetroxide, dehydrated in alcohol 
and propylene oxide, and embedded in Que- 
tol. One-micrometer-thick sections were 
stained with 0.1% azure II in 1% sodium 
borate. Ultrathin (silver-gold interference 
colors) sections were poststained with 2% 
uranyl acetate-lead citrate, then examined 
on a JEM 100C electron microscope. 

Vascular casts were obtained in the fol- 
lowing manner: after an overdose of intra- 
venous pentobarbital was administered, 
the heart was exposed and a 25-gauge 
needle was inserted through the left ven- 
tricle into the aorta. The right atrium was 
incised, and the descending aorta was 
clamped. The rat was perfused manually 
(flow rate, 60 mL/min) with 400 mL of 


Choroidal Neovascularization—Dobi et al 


heparin sodium (80 U/mL) in 0.9% saline 
at 37°C, immediately followed by perfusion 
with Batson’s corrosion mixture, using the 
following formula: 25 mL of monomer, 0.5 
mL of promoter, 6 mL of catalyst, 12 mL of 
methyl methacrylate, and 0.1 mL of blue 
pigment. After 30 minutes, the eyes were 
enucleated, washed in tap water overnight, 
and placed in a maceration solution at 
40°C for three days, with daily rinses in 
tap water. The casts were air dried in a 
desiccator for four days, sputter-coated 
with 30 nm of gold-palladium, and exam- 
ined with a JEOL JSM-35 scanning elec- 
tron microscope. 


RESULTS 


At a treatment intensity of 60 mW, 
a white retinal photocoagulation 
lesion resulted, invariably without 
hemorrhage or subretinal bubble for- 
mation. Histologic examination of 
these lesions at 20 days following 
treatment revealed that Bruch’s 
membrane remained intact; choroidal 
neovascularization was not observed. 
At treatment intensities greater than 
130 mW, extensive choroidal hemor- 
rhage was observed at the time of 
treatment; when examined 20 days 
following treatment, a full-thickness 
avascular fibrotic scar was seen. A 
treatment intensity of 120 mW pro- 
duced choroidal neovascularization 
most reliably, and all subsequent 
experiments reported in this study Fig 1.—Late-phase fluorescein angiogram at 14 days after laser photocoagulation (treatment 
were performed at this power. intensity = 120 mW). All three lesions leaked, with lesion 1 exhibiting pointlike hyperfluorescent 


Fundus photographs of 120-mW leak, while lesions 2 and 3 demonstrated circular pooling. 





Fig 2.—Representative lesion (45 days following photocoagulation) demonstrating numerous subretinal vessels (arrows). 
Outer nuclear layer (ONL) was discontinuous and region was devoid of subretinal fluid. m indicates macrophage; and INL, 
inner nuclear layer (Luna’s stain, original magnification X960). 
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burns taken immediately after treat- 
ment demonstrated circular white 
lesions with central bubble formation. 
In addition, some of these lesions had 
associated intraretinal, subretinal, or 
choroidal hemorrhage. At 14 days, 
these burns showed a central depig- 
mented crater surrounded by irregu- 
lar hyperpigmentation. Spontaneous 
hemorrhage was observed in five of 86 
lesions. 

Fluorescein angiography was per- 
formed on 86 lesions. All lesions 
studied at one to 24 hours after treat- 
ment demonstrated fluorescein stain- 
ing secondary to acute injury. After 
seven days, this staining was no 
longer observed. The first signs of 
leakage associated with choroidal 
neovascularization (24/86 lesions, or 
28% ) appeared at 14 days and contin- 
ued for at least four more weeks (lon- 
gest time period over which angiogra- 
phy was performed). This leakage 
(Fig 1) usually appeared as a pointlike 
hyperfluorescent spot and less fre- 
quently appeared as a hyperfluores- 
cent ring or pool. 

Choroidal neovascularization was 
observed histologically in 60% (25/42) 
of the lesions created with a treat- 
ment intensity of 120 mW. Histologic 
examination of lesions with choroidal 
neovascularization at one month 
revealed the following: centrally, all 
lesions demonstrated a disruption in 


Bruch’s membrane with degeneration 
of the overlying retinal pigment epi- 
thelium, photoreceptors, outer nucle- 
ar and outer plexiform layers as well 
as partial disruption of the inner 
nuclear layer (Figs 2 through 4). 
Numerous macrophages were present 
throughout this region. In some cases, 
there was marked tissue displacement 


downward into the choroidal space. 
Adjacent to the disruption in Bruch’s 
membrane were two to three layers of 
pigment-laden cells and fibroblasts, 
as well as collagen fibers, dispersed 
pigment granules, and numerous sub- 
retinal vessels. On serial sectioning, it 
appeared that capillaries originating 
within the choroid extended through 





Fig 3.—Choroidal vessel (large arrows) followed by serial sectioning from choroid to inner 
nuclear layer (INL) 45 days after treatment. Small arrows indicate other subretinal vessels; and 
ONL, outer nuclear layer (Luna’s stain, original magnification X 1910). 


Fig 4.—Choroidal neovascularization (arrows) near center of lesion (28 days old), with multiple layers of retinal pigment 
epithelial cells at periphery (asterisk). Note depigmentation of pigment granules in choroidal melanocytes (Luna's stain, 


original magnification X980). 
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the disruption in Bruch’s membrane 
into the outer retinal layers in 60% of 
the lesions. As shown by transmission 
electron microscopy (Fig 5), these cho- 
roidal new vessels possessed a dense 
basement membrane with few endo- 
thelial fenestrations. There was little 
or no fluid overlying these vessels, and 
they were surrounded by up to four 
layers of pigment-laden cells, espe- 
cially at the periphery of the lesion 
(Fig 6). 

Vascular casts of 17 burns exam- 
ined by scanning electron microscopy 
provided a three-dimensional analysis 
of the neovascular ultrastructure. 
Examination of casts made one day 
after laser treatment revealed com- 
plete obliteration of the choriocapil- 
laris (Fig 7, left). In contrast, exami- 
nation of casts in which choroidal 
neovascularization occurred revealed 
regrowth of capillaries in this region 
(in a choriocapillaris-to-choriocapil- 
laris or  choriocapillaris-to-venule 
pathway) (Fig 7, right). In one cast 
(Fig 8), all six lesions were clearly 
seen at low magnification. Closer 
analysis revealed subretinal vessels in 
five of six lesions. Vessel origin (cho- 
roidal or retinal) was aided by varying 
magnification, rotation (up to 360°), 
and tilt angles (up to 60°). By chang- 
ing these three values, any vessel may 
be traced to clearly identify its path in 
the neovascular net. As shown in 
lesion 5 (Fig 9), the new choroidal 
vessels usually anastomosed with the 
adjacent choriocapillaris. In addition, 
one anastomosis between the retinal 
and choroidal circulation was noted in 
lesion 6 (Fig 10). 


COMMENT 


This study demonstrates that cho- 
roidal neovascularization can be reli- 
ably produced in rat eyes following 
krypton laser photocoagulation, pro- 
viding an additional animal system 
for investigation of this disease pro- 
cess. Choroidal new vessels were 
observed to be actively growing 
through a disrupted Bruch’s mem- 
brane in 25 (60%) of 42 lesions pro- 
duced by 120-mW krypton burns. 
Fluorescein angiographic leakage at 
two weeks following treatment was 
demonstrated in 24 (28%) of 86 
lesions. Previous ultrastructural stud- 
ies of rat eyes exposed to a combina- 
tion of fluorescent light and electronic 
flash? or krypton laser*"' investigated 
the cellular process of Bruch’s mem- 
brane breakdown and repair within 
the first several days following injury. 
In contrast to our experiments in 
which laser treatment was intended 
to rupture Bruch’s membrane (clinical 
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Fig 5.—Electron micrograph of choroidal vessel extending through Bruch'’s membrane 38 days 
following treatment. Note dense basement membrane (arrows) and displacement of swollen and 
degenerating cells. me indicates melanocytes and INL, inner nuclear layer (original magnification 


X2408). 





Fig 6.—Periphery of 28-day-old lesion. Note multiple layers of pigment-laden cells around scar 
that contains a few choroidal capillaries (arrows) (Luna's stain, original magnification X540). 


end point, subretinal bubble forma- 
tion; treatment parameters, 120 mW, 
0.1 s), these investigators focused 
their attention on the repair process 
following moderate-intensity white 
photocoagulation burns (eg, 55 to 80 
mW, 0.05 s). They found that photoco- 
agulation with these parameters did 
not produce an acute disruption of 
Bruch’s membrane but did result in 
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choriocapillary budding with subse- 
quent digestion of Bruch’s membrane 
within a few days followed by its 
repair after one week. 

The best-studied model of experi- 
mental choroidal neovascularization 
is that in the primate,'’”°?*8 in which 
argon laser-induced disruption of 
Bruch’s membrane is employed. His- 
tologically, the neovascular mem- 
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Fig 7.—Left, Vascular cast of burn site one day after laser treatment. Note complete absence of 
choriocapillaris in region of burn (original magnification X180). Right, Vascular cast of 
choriocapillaris 22 days after treatment. Note new vessels and capillary buds proliferating across 
burn site (arrows) (original magnification X395). 
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Fig 8.—Vascular cast of lesions (Nos. 1 through 6) 22 days after treatment. Note preserved 
details in cast of choriocapillaris and retinal capillaries (original magnification X80). 


Fig 9.—Site 5 from Fig 8. Left, Note choroidal vessels (arrows) traversing across burn site 
(rotation, 0°; tilt angle, 0°; original magnification X480). Right, Note how choroidal vessels 
(arrows) may be traced by changing the magnification (rotation, 2°; tilt angle, 10°; original 
magnification X318). 
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branes in our study resembled those 
in the primate macula, with active 
growth of choroidal capillaries 
through a discontinuous Bruch’s 
membrane followed by tissue repair 
via activated retinal pigment epitheli- 
al cells, glial cells, fibroblasts, and 
macrophages and subsequent forma- 
tion of a chorioretinal scar. Vascular 
casts provided a _ three-dimensional 
view, confirming the neovascular 
growth of choroidal vessels in the 
lesions. 

A potential limitation of this model 
was the relatively low rate (24 [28% ] 
of 86) of lesions with choroidal neo- 
vascularization that demonstrated 
fluorescein leakage. That is, the detec- 
tion of neovascularization must be 
based on histopathologic rather than 
angiographic observations. In our 
studies, there was little or no fluid 
overlying the subretinal vessels in 
some eyes, and this may in part 
account for the lack of active leakage 
and hyperfluorescence on angiogra- 
phy. In the primate model, 40% of the 
lesions developed active leakage of 
fluorescein’’**; however, 80% of the 
lesions that did not leak on angiogra- 
phy did contain subretinal vessels 
when examined histologically. This 
lack of leakage from some subretinal 
vessels was attributed to the absence 
of a fluid-filled space overlying those 
neovascular membranes.” It is proba- 
bly necessary for dye to pool and 
achieve a concentration high enough 
to be detectable on angiography. In 
addition, in the primate model it was 
noted that leakage from choroidal 


Fig 10.—Chorioretinal anastomosis in site 6 
(Fig 8). Note connection from choroidal capil- 
lary (c) to retinal capillary (r) (original magnifi- 
cation X409). 
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neovascularization slowly resolved as 
a result of retinal pigment epithelial 
proliferation.” In the rat, we observed 
up to four layers of retinal pigment 
epithelial cells enveloping the new 
vessels, and these vessels contained a 
thick endothelial cell basement mem- 
brane with few fenestrations. 

Despite the anatomic differences 
between the rat and primate eye, it is 
useful to have an additional model of 
choroidal neovascularization. Poten- 
tial advantages would include the rel- 
ative availability, cost, and ease of 
maintenance of rats compared with 
primates. While the primate model 
would seem to be indispensable for 
some studies, the rat model might be 
particularly useful in studies of phar- 
macologic modulation of neovascular- 
ization. 

Although laser photocoagulation 
for choroidal neovascularization can 
prevent severe visual loss in some 
eyes,’'? many eyes are not eligible for 
treatment using proved treatment cri- 
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teria because the membranes are 
poorly defined on angiography or sub- 
foveal in location, which limits the 
possibility of selective destruction of 
neovascular tissue without simulta- 
neous destruction of the fovea. More- 
over, there is a high recurrence rate of 
choroidal neovascularization follow- 
ing photocoagulation in age-related 
maculopathy, approaching 60% at 
three years.” Thus, while laser photo- 
coagulation may be helpful, there is 
still a great need for improved treat- 
ment of choroidal neovascularization. 
Rather than attempt to directly 
destroy new vessels solely by laser 
photocoagulation, it might be possible 
to prevent their occurrence, decrease 
their recurrence, or induce their 
regression by use of vasoinhibitory 
drugs. In one study, it was shown that 
intravitreal administration of ste- 
roids by an indwelling cannula 
decreased the frequency of subretinal 
neovascularization in monkeys.* Re- 
cently, a large number of compounds 
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that inhibit neovascularization have 
been identified, including angiostatic 
steroids derived from cortisone,‘ 
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pigment epithelium cells,* and an 
angiostatic factor (angiostatin) de- 
rived from fungi (J Folkman, MD, 
personal communication, Jan 28, 
1987). Just as there are physiologic 
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processes as blood coagulation, there 
appear to be physiologic stimulators 
and inhibitors of angiogenesis.** Uti- 
lizing this animal model, one might be 
able to screen potential angiostatic 
agents delivered systemically, topical- 
ly, or intraocularly. Compounds that 
showed promise could then be further 
tested in primate eyes. 
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Histamine H, Receptors Mediate Increased Blood-Retinal 


Barrier Permeability in Experimental Diabetes 


Ned A. Enea, PhD; Theodore M. Hollis, PhD; John A. Kern, MD; Thomas W. Gardner, MD 


@ To test the hypothesis that histamine 
receptors mediate increased blood-reti- 
nal barrier permeability in experimental 
diabetes, 51 rats were made diabetic by 
streptozocin injection (65 mg/kg; jugular 
vein) and were held for four weeks. The 
seven animal groups were as follows: 
untreated controls; untreated diabetic 
rats; diabetic rats receiving diphenhy- 
dramine hydrochloride (Benadryl); diabet- 
ic rats receiving cimetidine hydrochloride 
(Tagamet); diabetic rats receiving diphen- 
hydramine and cimetidine; diabetic rats 
receiving purified pork insulin (illetin ll); 
and diabetic rats receiving insulin and 
diphenhydramine. All treatments were 
given during the last week. Blood-retinal 
barrier permeability was assessed 
through measurement of the vitreous con- 
tent of fluorescein isothiocyanate conju- 
gated to bovine serum albumin (FITCBSA) 
after 20 minutes of FITCBSA circulation. 
Vitreous FITCBSA content of the diabetic 


AB early manifestation of diabetic 
retinopathy is increased retinal 
vascular permeability. Detection of 
altered permeability may occur with- 
in one year after the onset of diabetes, 
before fluorescein angiographic or 
ophthalmoscopic signs of diabetes 
become evident.' Despite decades of 
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group was 64% greater than control con- 
tent. Diabetic rats treated with either 
diphenhydramine or diphenhydramine 
and insulin had respective decreases of 
43% and 40% in vitreous FITCBSA con- 
tent. The vitreous content of the diabetic 
group receiving insulin was lowered 37% 
below untreated diabetic values, while the 
vitreous FITCBSA content of the diabetic 
group receiving both insulin and diphen- 
hydramine was reduced 63%. These data 
indicate that retinal histamine H,-receptor 
activation may be partially responsible for 
initial blood-retinal barrier leakage of 
macromolecules into the vitreous and that 
this abnormal leakage can be prevented 
both by diphenhydramine and by insulin. 
Histamine H, receptors may play an 
important role in mediating increased 
blood-retinal barrier permeability in 
experimental diabetes. 
(Arch Ophthalmol 1989; 107:270-274) 


research, the underlying metabolic 
cause(s) of diabetic retinopathy is still 
unknown. 

Recently Hollis et al, reported that 
neurosensory retinas in rats with 
streptozocin-induced diabetes contain 
an active histidine decarboxylase sys- 
tem that catalyzes histamine synthe- 
sis from histidine’ and that retinal 
histamine synthesis is significantly 
elevated in rats with streptozocin- 
induced diabetes. Increased histamine 
synthesis also occurs in aortic endo- 
thelial and smooth-muscle cells* and 
in kidneys’ of these animals. In- 
creased retinal, aortic, and renal his- 
tamine synthesis can be normalized 
by treatment of diabetic animals with 
either insulin or a-hydrazinohistid- 
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ine, a specific inhibitor of histidine 
decarboxylase. In each case, insulin 
modulates histidine decarboxylase 
activity. Rats with  streptozocin- 
induced diabetes also have elevated 
plasma histamine concentrations.° We 
designed the present study to examine 
the possibility that endogenous hista- 
mine acts as a mediator of increased 
blood-retinal barrier permeability to 
macromolecules in early stages of dia- 
betic retinopathy through local acti- 
vation of retinal histamine receptors. 


MATERIALS AND METHODS 


Sixty-two male, Wistar rats (Hilltop 
Farms, Quakertown, Pa) having initial 
body weights of 200 to 220 g were used. 
Hyperglycemia was induced in 51 rats by a 
single jugular vein injection of streptozo- 
cin (65 mg/kg, 0.02-umol/L citrate-buff- 
ered saline [pH, 4.5], Sigma Chemical Co, 
St Louis). Five of the 11 nondiabetic ani- 
mals received a single jugular vein injec- 
tion of vehicle only. Plasma glucose con- 
centrations were measured three days 
after streptozocin injection. Blood for 
these analyses was collected via tail clip- 
ping under ether anesthesia. Animals were 
declared diabetic if their nonfasting plas- 
ma glucose concentrations were greater 
than 12.8 mmol/L. Animals were held in 
individual cages for 28 days after determi- 
nation of hyperglycemia. During this time, 
water intake, urine output, and plasma and 
urinary glucose concentrations were moni- 
tored weekly. Urinary glucose levels were 
measured using glucose oxidase reagent 
strips (Diastix, Ames Co, Elkhart, Ind). 
Plasma glucose determinations were made 
with a glucose analyzer (model 23A, Yellow 
Springs Instrument Co, Chagrin Falls, 
Ohio). 

After three weeks, diabetic animals were 
divided into six subgroups. The first sub- 
group and the control group, group 1 (con- 
taining 11 animals each), received no treat- 
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Table 1.—Mean Whole-Body Metabolic Characteristics of Animal Groups * 


Body Weight, g 
a 
Initial Final 


206 365 
Control (11) (7) (6) 
215 308t 
(13) (14) 
223 309t 


Animal 
Group (n) 


Diabetic (11) 
Diabetic-cimetidine 
hydrochloride (8) (11) (11) 
Diabetic-diphenhydramine 223 281T 
hydrochloride (10) (9) (9) 
Diabetic-diphenhydramine 224 284t 
and cimetidine (8) (10) (14) 
221 333 
Diabetic-insulin (7) (11) (10) 


Diabetic-insulin and 215 281t 
diphenhydramine (6) (4) (7) 





Urine Output, mL/24 h Water Intake, mL/24h 
a —_—_—_—_—_—K—_—“: "ees 
4 wk O wk 2 wk 4 wk O wk 2 wk 4 wk 
10.0 6 8 5 54 37 30 
(1.0) (1) (1) (1) (5) (5) (4) 
28.8t 8 130t 138t 48 189t 191t 
(1.2) (2) (12) (16) (4) (11) (16) 
29.9t 6 89t 100t 46 146t 153t 
(1.5) (1) (11) (17) (5) (11) (15) 
22.9t 6 79t 77t 39 133t 149t 
(1.8) (1) (13) (18) (5) (14) (24) 
7.2 23.6t 27.0t 4 67t 88t 34 123t 138t 
(0.4) (1.7) (0.8) (1) (8) (12) (6) (11) (15) 
10.4 27.1f 9.9 7 149f 20 44 201 63 
(0.4) (2.1) (1.4) (1) (18) (4) (2) (21) (9) 
9.8 31.5¢ 10.7 10 119ł 27 50 157ł 51 
(0.2) (1.9) (1.3) (1) (22) (2) (3) (28) (7) 


Plasma Glucose, mmol/L 


O wk 2 wk 
7.4 8.0 
(0.4) (0.6) 
9.2 22.6t 
(0.6) (1.4) 
ran 23.0t 
(0.2) (1.0) 
8.2 25.5t 
(0.3) (1.8) 


*Values are means with corresponding SEs in parentheses. Diabetes was induced by jugular vein injection of streptozocin (65 mg/kg, ether anesthesia). Cimetidine 
hydrochloride (100 mg/kg/ 12 h) and diphenhydramine hydrochloride (50 mg/kg/ 12 h) were given by injection. Insulin (based on blood glucose concentrations) was 
administered by continuous infusion using subcutaneously implanted miniosmotic pumps with individual dosages adjusted by additional injection. All treatments were 
administered during days 22 to 28 of a 28-day holding period. 

tSignificantly different from control (P < .05; variance analysis). 


ment during the remaining seven days, 
while the other five diabetic subgroups 
received treatments of histamine receptor 
antagonists or insulin or both. Specific 
treatment regimens were as follows: group 
2, diphenhydramine hydrochloride (Bena- 
dryl; 50 mg/kg/12 h of a 50-mg/mL solu- 
tion; Parke-Davis, Morris Plains, NJ) by 
subcutaneous injection; group 3, cimetidine 
hydrochloride (Tagamet; 100 mg/kg/12 h 
of a 150-mg/mL solution; Smith Kline & 
French Laboratories, Philadelphia) by 
subcutaneous injection; group 4, diphenhy- 
dramine and cimetidine at the above dos- 
ages; group 5, purified pork insulin (lletin 
II; 500 U/mL original concentration; Eli 
Lilly & Co, Indianapolis) by subcutaneous- 
ly implanted miniosmotic pumps (Alzet 
Corp, Palo Alto, Calif); and group 6, insulin 
and diphenhydramine at the above dos- 
ages. Insulin was administered in a neutral 
solution containing 16 mg of glycerin and 2 
mg of phenol in 1 mL of double-distilled 
water with the addition of glutamic acid to 
avoid precipitation and to ensure an even 
delivery rate.’ Dosages of infused insulin 
were based on individual plasma glucose 
concentrations of diabetic animals at the 
end of the third week. This involved dilut- 
ing the original insulin solution with the 
glycerin-phenol-distilled water solution to 
achieve a desired amount of insulin deliv- 
ery per day. From preliminary experi- 
ments, we found it was necessary to infuse 
approximately 2 U of insulin per day, with 
an initial injection of 4 U of isophane 
insulin suspension (NPH insulin) on day 22 
of the holding period to compensate for the 
lag time of the pump. Dosages of diphenhy- 
dramine and cimetidine were selected to 
produce maximum drug efficacy. One dia- 
betic, diphenhydramine-treated animal 
died over this four-week holding period, 
consistent with mortality rates of Wolin- 
sky et al* and in our own laboratories. 
After the 28-day holding period, animals 
were anesthetized with ketamine-hydro- 
chloride (Ketaset; 80 mg/kg of a 100-mg/ 
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Table 2.—Mean Ratios of Three-Minute to 18-Minute Plasma Fluorescein lsothiocyanate 
Conjugated to Bovine Serum Albumin* 










No. of 
Animal Group Animals 
Control 11 1.19 (0.04) 


Diabetic 1.11 (0.03) 


11 
-i 6 ; 


1.10 (0.04) 


Ratio 


















Diabetic-insulin and diphenhydramine 

* Values are means with corresponding SEs in parentheses. Diabetes was induced by jugular vein injection 
of streptozocin (65 mg/kg, ether anesthesia). Cimetidine hydrochloride (100 mg/kg/ 12 h) and diphenhydram- 
ine hydrochloride (50 mg/kg/12 h) were given by injection. Insulin (based on blood glucose concentrations) 
was administered by continuous infusion using subcutaneously implanted miniosmotic pumps supplemented by 


insulin injection. 


tSignificant difference from control and diabetic treated with cimetidine (P < .05). 


mL solution; Bristol Laboratories, Syra- 
cuse, NY) and xylazine (Rompun, 8 mg/kg 
of a 20-mg/mL solution, Haver-Lockert, 
Shawnee, Kan), and fluorescein isothiocya- 
nate conjugated to bovine serum albumin 
(FITCBSA; molecular weight, 69000 dal- 
tons; 100 mg/kg; fraction V; Sigma Chemi- 
cal Co, St Louis) was injected into the left 
jugular vein. Plasma samples were 
obtained three and 18 minutes after 
FITCBSA injection from the right jugular 
vein. Animals were killed by decapitation 
under anesthesia 20 minutes after FITCB- 
SA injection. The vitreous bodies were 
then removed, weighed, and homogenized 
as described below. 

Quantification of vitreous and plasma 
FITCBSA content was made by means of a 
standard curve run simultaneously with 
each assay as described by Katora and 
Hollis.’ The FITCBSA conjugate was puri- 
fied by means of Sephadex G-25 filtration; 
purity was evaluated fluorometrically fol- 
lowing trichloroacetic acid precipitation. 
Assays were performed in triplicate using 
a spectrofluorometer (model 43A, Perkin- 
Elmer Inc, Boston). 
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After decapitation, the pupil was 
allowed to dilate to avoid trauma to the iris 
and surrounding structures during the 
first steps of vitrectomy. Aqueous humor 
was aspirated with a 29-gauge needle 
inserted through the cornea into the ante- 
rior chamber of the eye. A central cruciate 
corneal incision (3 X 3 mm) was made, and 
unaspirated aqueous humor was absorbed 
with cellulose sponges. The lens was then 
removed through the corneal incision with 
the use of microforceps. The vitreous was 
likewise removed through this same inci- 
sion. The vitreous was examined under a 
dissection microscope for the presence of 
adherent retinal tissue. If there was any 
retinal contamination, the vitreous was 
discarded. This happened in two cases, one 
involving a control animal and one involv- 
ing an untreated diabetic rat. Pooled vitre- 
ous bodies from both eyes of each animal 
were weighed, homogenized (Polytron; 
Brinkman Instrument Co, Westbury, NY) 
in 10 vol (weight per volume) of phosphate- 
buffered saline (PBS; pH, 7.4), and centri- 
fuged for 20 minutes (10000 g, 4°C), and 
350-uL aliquots were frozen at —70°C until 
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Fig 1.—Mean vitreous-plasma fluorescein isothiocyanate conjugated to bovine serum albumin 
(FITCBSA) ratios. Diabetes was induced by streptozocin injection. Holding period was 28 days 
after diagnosis of hyperglycemia. Treatments were begun on day 22 of the 28-day holding period. 
See text for dosages and methods of administration. One control and one diabetic animal were 
excluded from this aspect of study because of retinal contamination of vitreous. Solid circle 
indicates significant difference from control (P < .05); open square, significant difference from 


diabetic (P < .05). 


fluorometric determinations of FITCBSA 
content were made. 

The vitreous FITCBSA content was 
expressed as the ratio of vitreous FITCB- 
SA content to plasma FITCBSA content, 
ie, ratio of milligrams of FITCBSA per 
milligram of vitreous to milligrams of 
FITCBSA per milligram of plasma. This 
ratio corrects for differences in initial 
FITCBSA plasma concentrations among 
individual animals. Statistical analyses 
were performed using variance analysis. 
When indicated by results of variance 
analyses, differences in group means were 
analyzed by Duncan’s multiple range test 
at the 95% confidence level. 


Fluorescence Localization of FITCBSA 


To localize sites of FITCBSA leakage, 
eyes from two additional control and 
untreated diabetic animals given FITCB- 
SA as described above were enucleated, 
flash frozen in hexane/ethy! alcohol (etha- 
nol), and embedded (Cryoform; Damon, 
Needham Heights, Mass). They were then 
serially sectioned at a thickness of 8 mm. 
Sections were then viewed under fluores- 
cence and photographed using a fluores- 
cence photomicroscope (Zeiss Ultraphot) 
at excitation and emission wavelengths of 
490 and 540 nm, respectively. 


RESULTS 


Whole-body metabolic characteris- 
tics of animals in each of the seven 
groups are presented in Table 1. All 
streptozocin-injected rats exhibited 
hyperglycemia, glucosuria, polyuria, 
polydipsia, and decreased weight gain. 
Administration of H,- and H,-recep- 
tor antagonists during the final week 
had no effect on any of these metabol- 
ic variables, while insulin given either 
alone or with diphenhydramine nor- 
malized plasma glucose levels and the 


overt signs of diabetes. 

Initial and final plasma concentra- 
tion ratios for animals among the 
various treatment groups are given in 
Table 2. These data indicate that 
there were no significant differences 
in ratios of three to 18 minutes 
between control animals and diabetic 
animals receiving either cimetidine, 
diphenhydramine, insulin, diphenhy- 
dramine and insulin, or no treatment 
at all. Diabetic animals receiving 
cimetidine and diphenhydramine had 
a slightly lower ratio (18%, P < .05) 
than controls, and likewise, an 11% 
lower ratio (P<.05) than diabetic 
animals receiving cimetidine alone. 

Mean vitreous-plasma FITCBSA 
ratios were significantly increased 
(66%, P < .05) in the untreated dia- 
betic rats over controls (Fig 1). Cime- 
tidine treatment had no significant 
effect (P>.05) in alleviating this 
increase, but diphenhydramine and 
diphenhydramine plus cimetidine 
treatment lowered the vitreous-plas- 
ma FITCBSA ratios 29% and 18% 
compared with diabetics, respectively; 
both decreases were significant 
(P < .05). Treatment with insulin 
resulted in a 26% decrease (P < .05) in 
the vitreous-plasma FITCBSA ratio, 
while administration of diphenhy- 
dramine in combination with insulin 
produced a 58% reduction below that 
of diabetic values (P < .05). 

The FITCBSA fluorescence photo- 
micrographs are shown in Fig 2. In 
eyes from control animals, the most 
intense fluorescence was within ves- 
sels of the choroid, retinal vessels, 
(Fig 2, top) and vessels of the ciliary 
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Fig 2.—Fluorescence photomicrographs of rat 
retina and ciliary body containing fluorescein 
isothiocyanate conjugated to bovine serum 
albumin. Top and top center, Photomicro- 
graphs of retina and ciliary body, respectively, 
from normal rat. Note fluorescence within 
choroid, retina, and ciliary body and total lack 
of fluorescence in vitreous (X25). Bottom 
center and bottom, Photomicrographs of retina 
and ciliary body, respectively, from diabetic 
rat. Note fluorescence within choroid, retina, 
and ciliary body, and punctate fluorescence in 
retinal component of vitreous (X25). 


body (Fig 2, top center). There was no 
vitreal fluorescence, and as shown in 
Fig 2, top center, there was some 
fluorescence associated with the crys- 
talline lens. Eyes from diabetic ani- 
mals showed intense choroidal, reti- 
nal (Fig 2, bottom center) and ciliary 
body fluorescence (Fig 2, bottom) that 
was more diffuse than that of eyes 
from control animals. Additionally 
and most important, in diabetic eyes 
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there was additional punctate fluores- 
cence within the retinal third of the 
vitreous, while minimal fluorescence 
was present in the anterior vitreous 
adjacent to the ciliary body. 


COMMENT 


In our study, untreated diabetic 
animals had an elevated vitreous 
FITCBSA content that was lowered 
by treatment with diphenhydramine, 
a histamine H,-receptor antagonist, 
and insulin. Effects of combined insu- 
lin and diphenhydramine treatment 
were significantly greater than the 
effects of either agent alone. Cimetid- 
ine, a histamine H,-receptor anta- 
gonist, had no appreciable effect. 
Therefore, we conclude that increased 
blood-retinal barrier permeability in 
rats with streptozocin-induced diabe- 
tes is at least partially mediated by 
histamine H,-receptor stimulation 
and is reversible by H,-receptor block- 
ade. While cimetidine had no signifi- 
cant effect, in a previous study using 
ranitidine, another histamine H,- 
receptor antagonist, we found a sig- 
nificant 50% (P<.05) reduction of 
vitreous FITCBSA accumulation com- 
pared with untreated diabetic ani- 
mals.'! This suggests that ranitidine is 
a more potent H,-receptor antagonist 
than cimetidine at dosages producing 
maximum efficacy, and that hista- 
mine H,-receptors may also play a 
role in regulation of vascular perme- 
ability in the eye. Reduction of blood- 
retinal barrier leakage by insulin is 
consistent with previous studies.'” 

All studies in which macromolecule 
accumulation is examined to obtain 
estimates of permeability alterations 
involve three basic assumptions: (1) 
that the label is contained within the 
accumulated conjugate rather than in 
a dissociated form; (2) that the in- 
jected conjugate does not undergo sig- 
nificant plasma degradation during 
its circulation; and (3) that tissue 
label intensity reflects that of tissue 
conjugate rather than either degrada- 
tion products or significant amounts 
of dissociated conjugate. With respect 
to the first assumption, our standard 
minimal acceptable FITCBSA purity, 
assessed by supernatant fluorescence 
following trichloroacetic acid (TCA) 
precipitation is less than 1%. In this 
specific study, this protein-free super- 
natant fluorescence was less than 
0.001%. The assumption that the 
injected FITCBSA was not subjected 
to any significant degradation with 
resulting label dissociation during its 
circulation in plasma appears valid, 
since we have previously measured 
FITCBSA fluorescence of TCA- 


Arch Ophthalmol—Vol 107, February 1989 


treated plasma supernatants and 
found they are identical to that of 
background fluorescence. The prob- 
lem of label dissociation within the 
tissue is more complex, but on the 
basis of previous studies, as well as 
the nature of the ionic bonds formed 
between albumin and fluorescein," it 
is doubtful that enzymatic activity 
over the relative short period of time 
involved produced any significant 
FITCBSA dissociation. 

An important issue that must be 
addressed before any further discus- 
sion of our data is the issue of strepto- 
zocin’s toxicity influencing results of 
this study. Streptozocin-induced dia- 
betes has long been an accepted model 
for study of diabetic vascular reac- 
tions,'* and there is no documented 
evidence of a direct toxic effect of 
streptozocin on blood vessels. More- 
over, antihistamines produce their 
pharmacologic actions directly via 
histamine receptor blockade. Finally, 
the diabetogenic streptozocin dose 
used in the present study would be 
completely eliminated from animals 
by the time antihistaminic therapy 
was begun three weeks later. We have 
made similar observations in differ- 
ent models of experimental diabetes, 
including pancreatectomized rats, in 
studies examining permeability char- 
acteristics of large vessels, such as the 
aorta.’ Therefore, we believe that the 
rat with streptozocin-induced diabe- 
tes is a valid model for study of diabe- 
tes-related blood-retinal permeabili- 
ty, and use of streptozocin does not 
compromise the results of this study. 
Moreover, to compare our results with 
previous studies, it is essential that we 
use the identical model of diabetes. 

Non-mast cell vascular histamine is 
a known intrinsic regulator of micro- 
circulatory permeability.'*!’ Previous 
studies examining mediators of blood- 
retinal barrier and blood-brain barri- 
er permeability led to conclusions that 
these circulations were unresponsive 
to histamine. For example, Martins et 
al” applied histamine topically to the 
abluminal surfaces of cerebral vessels 
of diabetic rats and reported no horse- 
radish peroxidase leakage across the 
vessel walls. Ashton and Cunha-Vaz”! 
and Shakib and Cunha-Vaz” per- 
formed similar experiments in which 
histamine was applied topically to ret- 
inal microvessels or injected into the 
anterior chamber; again, no horserad- 
ish peroxidase leakage was observed. 
However, it should be noted that the 
blood-retinal barrier is embryological- 
ly and functionally similar to the 
blood-brain barrier” and that hista- 
mine infusion (as opposed to topical 


application of histamine) causes an 
H,-receptor mediated leakage of the 
blood-brain barrier* and an H,-recep- 
tor leakage of the blood-retinal barrier 
in nondiabetic animals.” These find- 
ings are consistent with known hista- 
mine-mediated effects on vascular 
endothelial permeability.” Rats with 
streptozocin-induced diabetes exhibit 
vascular leakage of albumin from cere- 
bral vessels within two weeks of the 
onset of hyperglycemia.” Thus, paral- 
lel functional defects exist in both the 
blood-brain and blood-retinal barriers 
in experimental diabetes. 

Our vitreous extraction procedure 
by itself does not permit evaluation of 
the site of FITCBSA leakage into the 
vitreous. However, fluorescent micro- 
scopic evaluations, as presented in Fig 
2, suggest that the primary site of 
leakage of FITCBSA is from the reti- 
na. Blair et al* and Kirber et al’ 
concluded that leakage in this model of 
diabetes comes from the retinal pig- 
ment epithelium. They examined 
horseradish peroxidase leakage in ani- 
mals with streptozocin-induced diabe- 
tes that had been pretreated with 
diphenhydramine to prevent horse- 
radish peroxidase-induced mast cell 
histamine release.” Since they failed 
to observe retinal vascular leakage of 
horseradish peroxidase after pretreat- 
ment with diphenhydramine, they 
concluded that leakage must come 
either from the retinal pigment epi- 
thelium or from the ciliary body. 
Bovine serum albumin does not 
produce mast cell histamine release in 
rats. Our studies enabled a direct 
comparison of vascular leakage in 
untreated diabetic animals and dia- 
betic animals treated with diphenhy- 
dramine during the last 25% of their 
diabetic period; results showed that 
diphenhydramine does reverse albu- 
min leakage, indicating that observa- 
tions of these other investigators were 
due to effects of diphenhydramine per 
se. Our fluorescent photomicrographs 
clearly indicate that the major source 
of FITCBSA leakage is from the reti- 
na, most likely the retinal microvascu- 
lar endothelium. Ciliary body leakage 
is minimal, but there may be some 
retinal pigment epithelium leakage 
that we did not detect as it was below 
limits of sensitivity of techniques 
used. We thus conclude that leakage is 
mediated via stimulation of retinal 
microvascular endothelial histamine 
H,-receptors in this diabetic model. 

Both histamine and histidine decar- 
boxylase, the main enzyme responsible 
for its formation, are present in the 
retina. While mast cells are present in 
the choroid, the retina per se is devoid 
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of mast cells.*°? Retinal histamine is 
localized to the P1 centrifugation frac- 
tion that contains mainly microvessels 
and photoreceptors.** Nowak and Mas- 
linski? presented evidence for the 
presence of histamine H,-receptors in 
the retina. We recently reported that 
retinal histidine decarboxylase activi- 
ty increases more than 180% in diabet- 
ic rats.2 Since the retina produces 
histamine and since histamine H,- 
receptors are present within the reti- 
na, it is highly probable that local 
increases in retinal histamine synthe- 
sis create conditions in which retinal 
histamine reacts with retinal hista- 
mine H,-receptors, thereby effecting 
an increase in blood-retinal barrier 
permeability. 

It is interesting that combined 
diphenhydramine and insulin therapy 
produced reversals of FITCBSA leak- 
age that were greater than those 
observed with either drug alone. We 
have no definitive explanation for this 
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observation at the present time. How- 
ever, insulin upon binding to insulin 
receptors reduces adeny] cyclase activ- 
ity,’ as does diphenhydramine and 
other histamine H,-receptor antago- 
nists.“ Both insulin and histamine 
H,-receptor antagonists such as 
diphenhydramine also increase guany] 
cyclase activity. Insulin also inhibits 
histidine decarboxylase activity in 
diabetic rats.’ Thus, it is possible that 
the synergistic effect observed in the 
present study reflects either or both 
additive effects of guanyl cyclase 
activity on blood-retinal barrier per- 
meability and reduced histamine 
receptor binding caused by reduced 
tissue and plasma histamine concen- 
trations.‘ 

These data, taken in their entirety, 
indicate that blood-retinal permeabil- 
ity increases in this model of diabetes 
are mediated at least in part by acti- 
vation of histamine H,-receptors. Such 
activation could result from increased, 
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locally acting nascent histamine as 
well as with plasma histamine derived 
from increased histamine synthesis in 
other tissues.'** Whether H, receptors 
are likewise involved must await addi- 
tional studies using varied doses of 
cimetidine and other H,-receptor 
antagonists. This work supports Bres- 
nick’s** hypothesis for a role of hista- 
mine in diabetic macular edema. These 
results also indicate that blood-retinal 
barrier leakage can be reversed. Final- 
ly, these findings suggest a possible 
new avenue for exploration in searches 
for a pharmacologic treatment of dia- 
betic retinopathy. 
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Fig 1.—Left periorbital inflammation with che- 
mosis and saddle-nose deformity. 





Fig 3.—Auricular cartilage deformity. 





Fig 5.—Disc edema with retinal folds extend- 
ing through macula, and inferior serous retinal 
detachment. 
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Fig 2.—Saddle-nose deformity resulting from 
loss of nasal cartilage. 





Fig 4.—Deforming arthritis of metacarpopha- 
langeal interphalangeal joints. 
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Fig 6.—Axial computed tomographic scan 
shows unilateral anterior and posterior epi- 
scleritis and proptosis of the left eye. 


A deaf 5l-year-old woman presented 
with left orbital and ocular inflamma- 
tion (Fig 1), saddle-nose deformity (Fig 2), 
deformed auricular cartilage (Fig 3), and 
arthritic joints (Fig 4). There was aqueous 
cell and flare and left retinal perimacular 
exudate with disc swelling (Fig 5). Com- 
puted tomographic scan showed episcleri- 
tis (Fig 6). With the administration of 
systemic steroids and cyclophosphamide 
(Cytoxan), the inflammation resolved, and 
visual acuity improved over two weeks 
from 20/200 to 20/70. 


COMMENT 


Relapsing polychondritis is a rare 
disorder affecting articular and non- 
articular cartilage, + the course of 
which consists of relapsing episodes of 
progressive destruction of multiple 
organ systems, including the eyes. 
Diagnostic criteria! include the fol- 
lowing: auricular chondritis, non- 
erosive inflammatory polyarthritis, 
chondritis of nasal cartilage, ocular 
inflammation, tracheal and laryngeal 
chondritis that may result in asphyxi- 
ation due to tracheal collapse, and 
cochlear and vestibular damage.’ 

Ocular involvement is usually 
present, with episcleritis and scleritis 
being common manifestations.‘ Con- 
junctivitis, peripheral corneal infil- 
trates, iridocyclitis, exudative and 
sensory retinal detachments, retinal 
infiltrates, cotton-wool spots, optic 
neuritis, and ischemic optic neuropa- 
thy may occur. 

Relapsing polychondritis may be 
due to cellular immunity to cartilage 
proteoglycans and humoral immunity 
to type II collagen found in cartilage 
and the eyes.™ Treatment modalities 
may include steroids, nonsteroidal 
anti-inflammatory agents, and immu- 
nosuppressive and cytotoxic drugs.‘ 

MICHAEL C. STILES, MD 
JEMSHED A. KHAN, MD 
Kansas City, Kan 


This study was supported in part by Kansas 
Lions Sight Foundation, Kansas City, and 
Research to Prevent Blindness Inc, New York. 
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Surgical Technique 


Management of Cosmetically 


Objectionable Veins in the Lower Eyelids 


Robert C. Kersten, MD, Dwight R. Kulwin, MD 


@ We have examined three patients 
with cosmetically objectionable promi- 
nent veins in the lower eyelids. Segmental 
interruption of the vessels through multi- 
ple skin incisions has proved to be a 
satisfactory treatment. 

(Arch Ophthalmol 1989; 107:278-280) 


( yoametic surgery of the lower eye- 
lids is usually directed toward 
elimination of prolapsing orbital fat 
and excision of excess skin and mus- 
cle. However, we have seen three 
patients with the unusual complaint 
of large, dilated, cosmetically objec- 
tionable veins in the lower eyelids. 
These vessels were unassociated with 
any pathologic condition. 

We elected to segmentally interrupt 
the vessels through several fine skin 
incisions in the lower eyelid. This has 
resulted in complete resolution with- 
out recurrence over a follow-up period 
varying from 1% to seven years. The 
technique and results in one represen- 
tative case are presented herein. 


REPORT OF A CASE 


A 30-year-old woman complained of a 
prominent vessel in the right lower eyelid 
present since her late teens (Fig 1). Over 
five years she had obtained numerous con- 
sultations with dermatologists, general 
plastic surgeons, and an ophthalmic plastic 
surgeon seeking its removal. The ophthal- 
mic plastic surgeon had obtained computed 
tomographic scans and orbital venographic 
studies, both of which were interpreted as 
normal. He recommended against any 
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intervention. Subsequent to this, a general 
plastic surgeon recommended a subciliary 
incision and skin flap approach to excise 
the vessel. The patient then contacted us 
for an additional opinion. At our examina- 
tion in February 1986, the patient had a 
visible vessel traversing from the superfi- 
cial temporal venous system to the angular 
system across the right lower eyelid. The 
skin of both lower eyelids appeared to be 
extremely thin but no telangiectasias or 
other vascular anomalies were noted. No 
proptosis was present nor was there any 
change in the vessel with performance of 
Valsalva’s maneuver. Findings from exam- 
ination of extraocular motility, the anteri- 
or segment, and the dilated fundus were all 
normal. 


SURGICAL TECHNIQUE 


The course of the vessel was marked on 
the skin with gentian violet (Fig 2) and 
several fine incision sites paralleling the 
resting skin tension lines were then out- 
lined over it. 

After infiltration with local anesthetic 
with 1:100000 mg/mL of epinephrine, a 
Beaver blade (No. 75) was used to make a 
5-mm skin incision at each site. The subcu- 
taneous tissue was then delicately dissect- 
ed to avoid inadvertent rupture of the 
vessel (Fig 3). When the vessel was exposed 
in each of the incisions a cotton swab stick 
(Q-tip) was used to milk the lumen free of 
blood before application of a bipolar cau- 
tery that was used to widely thrombose the 
lumen (Fig 4). It was then sha~ply tran- 
sected with Wescott scissors in the center 
of the thrombosed segment. This proce- 
dure was carried out though each of the 
incision sites, which were then closed with 
a single 6-0 nylon suture. Sutures were 
removed at five days and the wounds rein- 
forced with skin tape (Steri-strips) for an 
additional ten days. After surgery, the fine 
scars placed in the resting skin tension 
lines healed nicely and the treated vessel 
remained invisible (Fig 5). 
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COMMENT 


Subcutaneous venous malforma- 
tions around the orbit may be congen- 
ital,'? or may be acquired secondary to 
trauma, tumor, or inflammation.*> In 
contradistinction, in the three pa- 
tients we have treated, the vessels 
were normal and no associated abnor- 
mality was present; however, despite 
this, all three of the patients per- 
ceived these to be a significant cos- 
metic blemish and obtained multiple 
opinions and studies directed toward 
removal of the vessel. The presenta- 
tion of these vessels as a cosmetic 
problem seems to be due to a combina- 
tion of larger than normal caliber and 
to the particularly thin overlying 
skin that renders the vessel more vis- 
ible. In addition, the increased scru- 
tiny and sensitivity of certain indi- 
viduals regarding their appearance 
plays a large role in bringing these 
vessels to the cosmetic surgeon’s at- 
tention. 

Numerous approaches have been 
described to ablate abnormal vessels 
including excision,'? embolization,” 
injection of sclerosing solutions,’ liga- 
tion, and electrothrombosis.*’ These 
have largely been reserved for treat- 
ment of pathologic vessels associated 
with venous or arteriovenous malfor- 
mations. Ward? recently described a 
technique similar to ours for treat- 
ment of orbital varicosities relying on 
percutaneous electrocoagulation with 
the use of an insulated 27-gauge nee- 
dle and unipolar cautery. He reported 
good results in three patients but did 
not mention the length of follow-up. 

Our technique of percutaneous elec- 
trocoagulation and sectioning has 
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« Fig 1.—Thirty-year-old woman with prominent subcutaneous vein in Fig 2.—Course of vessel is marked on skin with gentian violet before 
right lower eyelid. Patient had seen multiple cosmetic surgeons and infiltration with local anesthetic. 
undergone orbital computed tomographic scanning and orbital venog- 
raphy for investigation of its nature. 





Fig 3.—Exposure of vessel through fine skin incisions made in resting 
skin tension lines of lower eyelid. 





Fig 4.—Thrombosis of vessel lumen with bipolar cautery. Skin tape 
(Steri-strips) is used to insulate all but distal 2 mm of tips to avoid 
thermal injury to skin. 





Fig 5.—Appearance of patient two years after surgery. Fine skin 
incisions and treated vessel remain imperceptible. 


Arch Ophthalmol— Vol 107, February 1989 Eyelid Veins—Kersten & Kulwin 279 


proved simple and effective in the 
three treated patients. Postoperative 
edema and ecchymosis have been min- 
imal and had essentially cleared by 
the time of suture removal at five 
days in each patient. Before surgery 
two primary concerns for this 
approach were discussed at length 
with the patients. The first was that 
the scars from the skin incisions 
might be more objectionable than the 
preoperative appearance of the ves- 
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sels. The second was that this method 
of sectioning might result in subse- 
quent recurrence of the prominent 
vessel if recannulation were to occur. 
In these three treated cases neither of 
these concerns has been realized. The 
fine skin incisions have healed rapidly 
and have remained virtually inpercep- 
tible at follow-up of 18, 26, and 74 
months, respectively. The prominent 
vessels have remained invisible in all 
three cases. 
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Although the problem of a promi- 
nent vein in the lower eyelid may 
seem trivial, it may concern selected 
patients. We recommend percutane- 
ous segmental interruption of promi- 
nent periorbital vessels when they are 
cosmetically disturbing. 


This work was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness, Inc, New York. 
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New Instruments 





A 20-Gauge Intraocular Electromagnetic Tip for 


Simplified Intraocular Foreign-Body Extraction 


Donald R. May, MD; Francis G. Noll, MD; Raymond Munoz 


è A modified tip for the Bronson intra- 
ocular electromagnet has been devel- 
oped. The tip was machined to a 20- 
gauge cylinder that can be inserted readi- 
ly into the eye either through an entrance 
wound or through a pars plana incision. 
Placement of the tip of the magnet inside 
the eye allows the foreign body to impact 
the tip of the magnet rather than the wall 
of the eye. 

(Arch Ophthalmol 1989; 107:281-282) 


| ip 1875, Hirschberg introduced the 

first hand-held electromagnet for 
ophthalmic surgery.! Subsequently, 
Haab in 1892 introduced the first 
effective giant magnet for use in 
extracting magnetic intraocular for- 
eign bodies.* For many years the stan- 
dard procedure for removing magnet- 
ic intraocular foreign bodies from the 
posterior segment had used a combi- 
nation of a giant magnet to pull the 
foreign body forward within the eye 
and a hand-held magnet to complete 
the extraction. 

With the advent of semiconductor 
technology in 1967, Bronson? was able 
to develop and introduce a hand-held 
electromagnet with a power equal to 
or greater than that of the giant mag- 
net, effectively supplanting the giant 
magnet in routine clinical practice. 
Two types of magnet tips have been in 


Accepted for publication Aug 22, 1988. 

From the Department of Ophthalmology, 
Tulane University School of Medicine, New 
Orleans (Drs May and Noll); and the Operating 
Room, University of California, Davis, Medical 
Center, Sacramento (Mr Munoz). 

Reprint requests to Department of Ophthal- 
mology, 1430 Tulane Ave, New Orleans, LA 70112 
(Dr May). 


Arch Ophthalmol— Vol 107, February 1989 


general clinical use with the Bronson 
electromagnet. One has a tip resem- 
bling the pointed end of an acorn. The 
other has a lance-shaped tip that can 
actually enter into the eye and pos- 
sesses limited intraocular usefulness 
in the extraction of intraocular for- 
eign bodies.’ 

The advent of vitrectomy surgery 
has changed our approach to the 
removal of intraocular foreign bodies. 
Also, the introduction of improved 
roentgen ray techniques, including 


computed tomography, has made the 
positional localization of intraocular 
foreign bodies easier and much more 
reliable. The eye is entered with a 
vitrectomy instrument and the cata- 
ractous lens (depending on the lens, a 
fragmenter may be required) and 
bloody vitreous are removed, allowing 
direct access to the foreign body, 
which can then be delivered with an 
intraocular forceps or magnet.*°® 

The recent development by Parel’ of 
a permanent rare earth magnet has 





Five-millimeter 20-gauge electromagnet tip is inserted into eye through pars plana scleral 
incision. Tip is positioned close to intraocular magnetic foreign body that is suspended in 
vitreous. 
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made it possible to insert a magnet 
into an eye, pick up a magnetic foreign 
body, and manipulate it within the 
vitreous while cutting it free from the 
vitreous and associated inflammatory 
material.’ 

Electromagnets continue to be use- 
ful for the removal of many intraocu- 
lar foreign bodies. If the patient can 
be brought to the operating room 
within hours after the injury, the 
foreign body often will not have been 
entrapped in the vitreous by an 
inflammatory reaction. The foreign 
body can then be directly visualized 
and may be readily removed through 
its entry site or through an enlarged 
pars plana sclerotomy site using an 
electromagnetic tip. However, tips 
presently in use, including the acorn- 
shaped blunt tip and the lance-shaped 
tip, are too large to enter the eye 
atraumatically. When these tips are 
applied externally, the foreign body 
may impact the wall of the eye as it is 
rapidly pulled toward the tip of the 
magnet. If the foreign body impacts 
posteriorly, it may lacerate the retina; 
if it impacts anteriorly, it may strike 
the lens, zonules, and/or ciliary 
body. 

To prevent these complications, one 
of us (D.R.M.) has devised a modified 
20-gauge tip for the Bronson electro- 
magnet. The 20-gauge tip, which is 5 
mm long, has been machined from a 
conventional Bronson acorn tip. This 
20-gauge tip is not currently commer- 
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cially available. Peyman et alè also 
have described an intraocular mag- 
netic tip. 

Our 20-gauge tip can be readily 
inserted through the wound site or 
through a sclerotomy site enlarged to 
accommodate the delivery of the for- 
eign body and directed toward the 
foreign body (Figure). When the mag- 
net is activated, the foreign body trav- 
els to the tip of the magnet and 
adheres. 

We have not objectively measured 
the strength in gauss of this tip nor 
have we compared its magnetic 
strength with the standard acorn tip. 
Our subjective impression has been 
that, in using this modified tip to 
attract pieces of magnetic material 
such as paper clips, needles, and ball 
bearings, the traction force holding 
the metal object to the modified tip 
and also the distance at which the 
magnet can move the foreign body are 
essentially the same as with the 
unmachined acorn tip. The experience 
of one of us (D.R.M.) has been that the 
power of the modified magnet tip is 
sufficient to handle readily any mag- 
netic foreign body we have encoun- 
tered. We have kept the length of the 
20-gauge tip at only 5 mm so as to 
minimize the reduction in the mag- 
netic force generated at the tip. 

We have found this magnet to be 
useful in situations where no substan- 
tial inflammatory reaction has yet 
occurred in the vitreous to restrict the 
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magnetic delivery of the foreign body 
and in situations where the foreign 
body can be directly visualized. 

We have encountered no clinical 
problems in attracting a magnetic 
foreign body with this modified tip or 
in maintaining a strong hold on a 
magnetic foreign body, thus allowing 
us to deliver it from the eye. One of us 
(D.R.M.) has used this modified tip in 
more than ten clinical procedures per- 
formed in the United States and Chi- 
na. 
The tip has also been useful in those 
instances when a foreign body could 
not easily be brought through a scler- 
al incision. When a Parel rare earth 
magnet or a foreign-body forceps is 
used, the foreign body may be lost at 
the scleral incision site. The 20-gauge 
tip has been useful in these cases. The 
tip is placed at the scleral incision site 
or passed slowly through it until the 
foreign body is engaged and can then 
be delivered. 

When visualization is not adequate 
and/or the position of the foreign 
body is not certain, a vitrectomy must 
first be performed to visualize the 
foreign body. In those cases where 
visualization may not be possible 
because of a severely damaged cornea, 
the physician may need to use a kera- 
toprosthesis during the delivery pro- 
cedure and then immediately replace 
the removed cornea with a graft.” 
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the writing and editing of this manuscript. 
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A New Intraocular Aspiration Probe With 


Bipolar Cautery and Reflux Capabilities 


Jay Fleischman, MD; Brian C. Lerner, MD; Harry Reimels 


@ The design of the Mentor Wet-Field 
eraser (Mentor O & O Inc, Norwell, Mass) 
has been modified so as to include fluid 
aspiration and reflux capabilities. This 
20-gauge disposable probe minimizes 
instrument exchange through sclerotomy 
ports and provides sensitive control over 
reflux action by minimizing the dead- 
space volume over which reflux occurs. 
Safer manipulation of detached retina, 
membranes, and clots is therefore 
achieved. 

(Arch Ophthalmol 1989; 107:283) 


rhe design of the Mentor Wet-Field 
eraser (Mentor O & O Inc, Norwell, 
Mass) has been modified to include 
aspiration and reflux capabilities 
(Figure). This new disposable instru- 
ment is inexpensive. It is based on a 
20-gauge probe combined with bipolar 
features that minimize undesirable 
enlargement of a retinotomy. 

A plastic reservoir positioned under 
the surgeon’s finger allows for precise 
finger-controlled reflux should un- 
wanted tissue become incarcerated 
(Figure). This reflux capability allows 
for safer manipulation of detached 
retina, membranes, and clots. 

A tissue-manipulating system de- 
signed by McCuen and Hickingbo- 
tham' has its own fiberoptic light 
source as an added third function to a 


Accepted for publication Aug 12, 1988. 

From the Departments of Ophthalmology, 
Albert Einstein College of Medicine, Bronx, NY 
(Dr Fleischman), and St Louis University School 
of Medicine (Dr Lerner); and Mentor O & O Ine, 
Norwell, Mass (Mr Reimels). 

Reprint requests to the Department of Oph- 
thalmology, Albert Einstein College of Medicine, 
Montefiore Medical Center, 111 E 210th St, 
Bronx, NY 10467 (Dr Fleischman). 


Arch Ophthalmol— Vol 107, February 1989 





mn EE T See - tE- 


a` 





` -= —_ 


ee. 


Disposable intraocular aspiration probe with bipolar cautery and reflux capabilities. Inset, 
Pressure exerted by surgeon’s index finger on silicone chamber produces reflux of aspirated 


material at probe tip. 


back-flush bipolar diathermy needle. 
Their instrument gives the surgeon an 
“extra hand” to use intraocular for- 
ceps or scissors while simultaneously 
holding and illuminating the target 
tissue. However, this expensive sys- 
tem must be gas sterilized between 
uses. Zivojnovie and Vijfvinkel* have 
also developed a combination instru- 
ment that incorporates back-flushing 
capabilities with endodiathermy but 
it too is nondisposable. 

We have used this new probe in over 
50 cases and believe that it offers a 
distinct alternative to other similar 
devices. This new disposable bipolar 
probe with aspiration and reflux 
capabilities features (1) the effective 
combination of frequently used in- 


strumentation in a single handpiece, 
thereby minimizing probe exchange 
through the sclerotomy ports, and (2) 
a reflux reservoir close to the tip that 
reduces the dead-space volume over 
which reflux occurs, thereby increas- 
ing the sensitivity of the reflux action 
and minimizing unwanted enlarge- 
ment of retinotomies. 


Dr Fleischman, a consultant for Mentor O & O 
Inc, has no proprietary interest in this device. 
This instrument is available from Mentor. 
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Ophthalmology in Other Countries 


Ophthalmology in Zimbabwe 


ith a population of 601 million people’ and 

fewer than 500 ophthalmologists working with- 
in its borders,” Africa as a continent is represented by 
an ophthalmologist/population ratio of less than 1:1 
million. Manpower development and comprehensive 
public health blindness-prevention activities deserve 
utmost priority in eye care for Africa if the numbers 
of needlessly blind persons are to be reduced.’ 

Zimbabwe, as a young independent African nation 
(Fig 1), is presently challenged by those dual 
needs. 

This overview of ophthalmology and eye care in 
Zimbabwe is intended to define the present problem 
of blindness in that country and outline strategies to 
develop indigenous ophthalmic talent that eventual- 
ly will reduce the prevalence of blindness. 


PROFILE OF ZIMBABWE AND BACKGROUND 
INFORMATION 


Zimbabwe, recently independent and the youngest 
nation on the African continent, is familiar to many 
people by a former name. 

The new nation Zimbabwe once was Southern 
Rhodesia. Cecil Rhodes, first an Englishman and 
then a South African developer and industrialist, 
was founder of the international Rhodes Scholarship 
program to Oxford University in England. Southern 
Rhodesia also was named for him. 

In 1895, Rhodes’ British South African Company 
claimed a large territory north of South Africa. Two 
Rhodesias resulted: Northern Rhodesia, now Zambia, 
and Southern Rhodesia, now Zimbabwe. Southern 
Rhodesia was ruled by the British South African 
Company until 1923, when it became a British Crown 
Colony with white-minority governing status. 

When most British colonies were gaining indepen- 
dence in the 1960s, the white Rhodesian internal 
political system resisted the trend and the colony 
proclaimed a Unilateral Declaration of Independence 
in 1965. Southern Rhodesia’s minority government 
survived United Nations and international moral 
and economic sanctions for 15 years, until majority 
rule was achieved in 1980 after a bloody seven-year 
civil war and subsequent political settlement. 

The present-day geographic boundaries of Zim- 
babwe confine 395 767 km? (150 803 mi”) of southeast- 
ern Africa,‘ making it slightly larger than the state 
of Montana in the United States or approximately 
equivalent to the total land mass of Japan.’ Zim- 
babwe largely is high-plateau country bounded by 
mountains in the eastern part of the country. Zim- 
babwe’s landmass slopes gradually to lower eleva- 
tions in the west and south. 

Zimbabwe’s population is 99% black. Less than 1% 
of the population is white, colored (mixed ancestry), 
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or Asian.’ The population of Zimbabwe at midyear 
1987 was 9.4 million and the rate of annual natural 
increase was 3.5%.1 At that rate, the time required 
for the population to double is 20 years. 

By comparison, the annual natural population 
increase in the United States is 0.7%. In counter- 
point to the population explosion in Zimbabwe and in 
the African region in general, it is interesting to 
observe that 102 years would be necessary for the 
population to double in the United States at the 
current rate of natural population increase. 

The childhood (under 5 years of age) mortality rate 
in Zimbabwe is 121:1000 (Afghanistan has the high- 
est child mortality rate in the world at 329:1000), 
compared with the rate of 13:1000 in the United 
States (Sweden, Iceland, and Finland have the lowest 
child mortality rates in the world at 8:1000).® 

To appreciate some basic health and economic 
realities of the country, pertinent comparative demo- 
graphic and economic data on Zimbabwe and the 
United States are presented in Table 1. The dichoto- 
my of gross national product per capita and infant 
mortality between the two countries depicted by 
these simple comparative statistics is typical of basic 
health and economic differences between developing 
nations and Western industrialized countries, or the 
nations of the “North” and “South.” 


BLINDNESS IN ZIMBABWE 


In a remarkable study carried out between 1957 
and 1959, several teams of ophthalmologists working 
in Zimbabwe (then Southern Rhodesia) examined 
33954 black Africans in a series of surveys in 11 
districts of the country (R. Stirrup, unpublished 
data, 1959). This was an extraordinary undertaking 
at the time, considering the logistical problems that 
the survey planners and field teams must have 
encountered. 

More than 33000 persons were examined during 
this two-year campaign. Unfortunately, however, 
neither population-based random selection nor age 
and sex stratification were incorporated into the 
survey design. Categories of visual loss and blindness 
were not defined, rendering somewhat suspect the 
ultimate scientific value of the project. 

Using what probably was a narrow definition of 
blindness (no light perception), the authors esti- 
mated a national rate of 773:100000 population, or a 
presumed national rate of nearly 0.8%. 

Data from the Kenya national population-based 
ocular morbidity and blindness survey carried out at 
eight regional Kenyan sites between 1977 and 1982 
disclose that 0.7% of rural Kenyans were found to be 
blind (visual acuity in the better eye <3/60 [10/200]) 
and 2.5% were visually impaired (acuity <6/18 [20/ 
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Fig 1.—Continent of Africa and nation of Zimbabwe. 


Table 1.—Comparative Health and Economic Data* 


Population Per 
Millions Doubling Infant Capita 
Country of Persons Time, y Mortality GNP, $ 
Zimbabwe 9.4 650 
United 
States 243.8 16400 


Population, 


* infant mortality is defined as the annual number of deaths of children under 1 
year of age per 1000 live births in a given year. Per capita gross national product 
(GNP) is defined as the total per annum worth of all goods and services divided by 
the total population of that country. All data are from the 1987 World Population 
Data Sheet.' 


60]), according to World Health Organization crite- 
ria (R. Whitfield, MD, L.S., D. Ross-Deghan, PhD, et 
al, unpublished data, 1982). A national study in The 
Gambia in 1986 showed that 0.7% of the population 
was blind by the same criteria (H. Faal, D. Minas- 
sian, unpublished data, 1986). The population-based 
study in the Lower Shire Valley of Malawi in 1983 
disclosed a blindness prevalence rate of 1.3% (visual 
acuity <3/60 in the better eye).’ 

Although the survey methodology in the 1957-1959 
Southern Rhodesia study differed from that of the 
Kenya and Malawi surveys, it is interesting to com- 
pare the three blindness prevalence rates from these 
studies. They are not at wide variance (Table 2). 

The spectrum of blinding disease in Zimbabwe is 
believed to be similar to that in other countries in 
sub-Saharan Africa, including Malawi and Kenya. 
Cataract, corneal opacity, and open angle glaucoma 
were the three leading causes, in that order, of 
bilateral blindness in both the Kenya and Malawi 
population-based surveys. 

Prevalence rates of these three blinding disorders 
in the two countries where population-based surveys 
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e Table 2.—Prevalence of Blindness in Three African Countries 


Country Prevalence, % Survey Description 


Kenya 0.7 National random cluster 
sample in geographically 
distinct and culturally 
homogeneous rural 
areas; 13803 survey 
members, 18633000 
population 

Regional random cluster 
sample in single 
geographic and culturally 
homogeneous area; 
1664 survey members, 
340 000 population 

National survey in 11 
districts, survey members 
from settlements, 
communities and 
schools, not random 

sample; 33 954 survey 

members, 250 400 

population 


Malawi 1.3 


Zimbabwe 0.8 


Table 3.—Causes of Blindness and Estimated Numbers 
of Blind Persons in Zimbabwe * 


No. (%) of Blind Persons 


42 500 (45) 
18 800 (20) 
14 100 (15) 
18000 (20) 


Cause of Blindness 


Cataract 

Corneal opacity 
Open angle glaucoma 
All other causes 
Total 94000 (100) 





* Based on mid- 1987 population of 9 400 000 in Zimbabwe and an estimated 
prevalence of blindness rate of 1.0%. Estimates are derived from Kenya and 
Malawi population-based surveys. 


have been conducted are similar also. Parenthetical- 
ly, onchocerciasis, a major blinding disorder in West 
Africa and Central America, is believed not to occur 
in Zimbabwe, although there is a small focus in 
nearby Malawi. 

Because of nearly parallel demographic character- 
istics and patterns of living in the three countries, 
causes of blindness and total numbers of persons 
blind from these causes in Zimbabwe may be extra- 
polated using data from both the Kenya and Malawi 
surveys. Extrapolated data presented in Table 3 are 
approximate. These data are based on mid-1987 
Zimbabwe census data.' This portrait of eye disease 
and blindness in Zimbabwe is similar to that in 
Tanzania, an African neighbor to the north.’ 


OPHTHALMIC RESOURCES AND SERVICES 


Most ophthalmologists in Zimbabwe are working 
in the two heavily populated urban areas of Harare 
and Bulawayo. Only a few ophthalmologists practice 
in provincial centers (Fig 2). The ophthalmic man- 
power distribution in Zimbabwe in mid-1988 is pre- 
sented in Table 4. 

In mid-1988 there were 12 ophthalmologists avail- 
able for teaching and providing government health 
services in Zimbabwe. With a population of 9.4 
million, the ophthalmologist (consultant and diplo- 
ma-trained)/population ratio for Zimbabwe is 
approximately 1:700000. The ophthalmologist/popu- 
lation ratio in the United States is approximately 
1:20 000. 
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Fig 2.—Locations with resident ophthalmologists in Zimbabwe 
(Table 4). Circles indicate referral centers; crosses, other 
inpatient ophthalmic services. 


Table 4.—Distribution of Ophthalmologists 
in Zimbabwe in July 1988 


Service * 
Government consultants 
University of Zimbabwe consultants 
Government Diploma of Ophthalmology 
Government consultant 
Government Diploma of Ophthalmology 
Gweru Government consultant 
Mutare Government consultant 1 


Norton Government Diploma of Ophthalmology 
Total 12 


* Consultant ophthalmologists are equivalent to American Board Certified or 
British Fellow of the Royal College of Surgeons in ophthalmology. Diploma of 
Ophthalmology physicians have been trained for one year in ophthalmology. In 
addition, three ophthalmologists practice privately in Harare. Two physicians are 
enrolled in the 1988 University of Zimbabwe Diploma of Ophthalmology training 
course. 


Location 
Harare 


Bulawayo 





Sekuru Kaguvi Eye Hospital, one of the several 
medical institutions in the Parirenyatwa Hospital 
System in Harare, is a 65-bed ophthalmic referral 
unit. University of Zimbabwe Godfrey Huggins 
School of Medicine ophthalmologists and Govern- 
ment of Zimbabwe ophthalmologists practice and 
teach there. The University of Zimbabwe trains 
one-year diploma candidates in ophthalmology at 
Sekuru Kaguvi Eye Hospital. A formal lecture series 
and an ophthalmology rotation through ophthalmol- 
ogy services at Sekuru Kaguvi Eye Hospital are 
included in the curriculum for all medical students 
enrolled at the University of Zimbabwe. 

The ophthalmology unit at Richard Morris Hospi- 
tal in Bulawayo, the government administrative 
headquarters of Matebeleland and the second largest 
city in Zimbabwe, is staffed by two ophthalmolo- 
gists. This unit serves as the referral unit for the 


286 Arch Ophthalmol—Vol 107, February 1989 


southern region of the country. 

An ophthalmologist is based at the government 
hospital in Gweru, the administrative center of 
Midlands Province. A new static unit was established 
recently in Mutare, in the Eastern Highlands, at 
Sakubva Hospital. This unit was developed by the 
Ministry of Health with substantial assistance from 
the Norwegian Council for the Blind and Partially 
Sighted and the Zimbabwe Council for the Blind. It is 
staffed by a consultant ophthalmologist and has 
grown rapidly to become the referral center for 
eastern Zimbabwe. 

For more than 30 years the Zimbabwe Council for 
the Blind has been active in providing support for 
government and private initiatives to treat and 
prevent blindness. The Zimbabwe Council for the 
Blind also maintains an extensive blind persons’ 
rehabilitation program in Zimbabwe. 

The council also has supported ophthalmic out- 
reach work from Bulawayo to rural areas of Matebe- 
leland. These teams travel in four-wheel-drive vehi- 
cles to peripheral health stations for the purpose of 
screening, diagnosing, treating, and referring 
patients with potentially blinding conditions. In this 
important work the council collaborates closely with 
the Government of Zimbabwe Ministry of Health. 

In Mashonaland in northern Zimbabwe, the Zim- 
babwe Council for the Blind supports mobile oph- 
thalmic outreach from Sekuru Kaguvi Eye Hospital 
to five hospitals. University of Zimbabwe and gov- 
ernment ophthalmologists participate in this pro- 
gram. 

The Zimbabwe Council for the Blind also main- 
tains and operates an eye unit at Norton Hospital 
(Fig 2), a rural health facility 40 km west of Harare. 
The Norton Eye Unit is staffed by a government 
ophthalmologist. 

A number of external ophthalmic technical assis- 
tance agencies work with both the Zimbabwe Council 
for the Blind and the Zimbabwe Ministry of Health 
in blindness-prevention activities. In particular, the 
Royal Commonwealth Society for the Blind of Great 
Britain historically has maintained close ties with 
the Council for the Blind. Other technical assistance 
organizations that assist either the Council for the 
Blind or the Ministry of Health, or both organiza- 
tions, include the Christoffel Blinden Mission (West 
Germany), the Norwegian Association for the Blind 
and Partially Handicapped (Norway), and the Inter- 
national Eye Foundation (United States). 


A BLINDNESS-PREVENTION PROGRAM IN ZIMBABWE 


In 1980, at the inception of majority rule and 
independence, the Government of Zimbabwe 
declared its intention to expand health services to 
peripheral and rural areas of the country. Since then 
there has been steady progress in expanding rural 
health services. Preventive health services also have 
been expanded both at central and rural health 
facilities. Curative medical care, until 1980 available 
largely in urban Harare and Bulawayo, is being 
extended to government provincial and district hos- 
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pital facilities, according to Ministry of Health poli- 
cy. 

A great need exists for expansion and decentral- 
ization of eye care in Zimbabwe. To gain an appreci- 
ation of the enormity of this need, we may consider 
the problem of cataract as a reversible blinding 
disorder in Zimbabwe. 

Presently there are an estimated 42500 people 
blind from cataract in Zimbabwe. Because the vast 
majority of persons are bilaterally blind, there is a 
“backlog” of nearly 83000 cataract operations to be 
performed. Yet, in 1987, a total of only approximate- 
ly 2500 cataract operations were performed in Zim- 
babwe (L.S., unpublished data, 1987), a shortfall of 
more than 80000 operations. 

Stated differently, the 2500 cataract operations 
restored sight to approximately 1200 patients 
because many of them underwent bilateral cataract 
surgery and several hundred operations were per- 
formed for complicated or hypermature cataract in 
patients with a normally sighted second eye. That 
translates into more than 40000 people who 
remained blind from cataract in Zimbabwe in 1987 
for want of an operation that can be performed at 
low cost using relatively simple surgical technolo- 

9,10 

Additional ophthalmic manpower is urgently 
required in Zimbabwe if the dual challenges of 
therapeutic eye care, including surgery, and preven- 
tion of blindness, particularly the sequelae of ocular 
surface infection, are to be met. Health manpower 
development and appropriate deployment and sup- 
port of ophthalmic health workers, together with 
decentralization of eye care, are key aspects in the 
development of a national blindness-prevention pro- 
gram in Zimbabwe. 

Since 1983, health workers from Zimbabwe have 
been trained in the African Sub-regional Ophthalmic 
Assistants Training Course in Malawi. Graduates 
from this course, and from several other courses like 
it elsewhere in Africa, are taught ophthalmology and 
primary eye care in the African context. They return 
to their countries of origin to serve in government 
health facilities that are often rural and remote 
and provide basic therapeutic and preventive eye 
care. To date, 12 Zimbabwean trainees have com- 
pleted the Malawi training course and have returned 
to Zimbabwe to work in government health facili- 
ties. 

The Ministry of Health of Zimbabwe is planning to 
develop an indigenous ophthalmic medical assistants 
training course. As many as 12 trainees could be 
enrolled annually, increasing ophthalmic health 
manpower on government service. 

Data from the Kenya and Malawi population- 
based surveys indicate that approximately 70% to 
80% of all blindness in the African region, including 
Zimbabwe, is preventable, surgically curable, or sur- 
gically arrestable. Ophthalmic medical assistants, 
particularly those who work in rural areas serving a 
population that has little or no access to sophisti- 
cated health care, potentially are key components of 
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a comprehensive national blindness-prevention pro- 
gram. By simple measures, such as teaching basic 
hygiene to families, early detection and treatment of 
childhood ocular infections, diagnosis and referral of 
glaucoma and cataract in people of all ages, and 
promotion of community sanitation, ophthalmic 
medical assistants can reduce the prevalence of 
blindness and blinding disease in Zimbabwe and in 
other African nations with a spectrum of blindness 
similar to that in Zimbabwe. 

The University of Zimbabwe is considering 
upgrading its present one-year diploma course in 
ophthalmology to a three-year program. This course 
of training would provide indigenous ophthalmolo- 
gists for the country and could meet this health 
manpower need as Zimbabwe’s population continues 
to expand at an annual rate of 3.5%. At the time of 
this writing, there was only one Zimbabwean oph- 
thalmologist practicing in Zimbabwe. All other oph- 
thalmologists working in the country were expatri- 
ates. 

The Zimbabwe Council for the Blind will play an 
increasingly important role in prevention-of-blind- 
ness activities in the country. The council’s interest 
and impetus in organizing and developing ophthal- 
mic outreach services during the past several 
decades has identified the problem of preventable 
and curable blindness, particularly in rural areas. In 
so doing, the Zimbabwe Council for the Blind has 
attracted local, governmental, and international 
attention to this health problem. 

Considering Zimbabwe’s relatively well-developed 
health infrastructure and its resources, a compre- 
hensive national prevention-of-blindness program is 
well within reach. 

LARRY SCHWAB, MD 
Harare, Zimbabwe 

Graphics were done by Martha Schwab. 

Kenneth Kagame, Royal Commonwealth Society for the Blind 
Lecturer in Ophthalmology at the Godfrey Huggins School of 


Medicine, Department of Surgery, University of Zimbabwe School 
of Medicine, Harare, reviewed the manuscript. 
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ASSISTANT OR ASSOCIATE PROFESSOR OF OPHTHALMOLOGY IN RESIDENCE 
FRANCIS |. PROCTOR FOUNDATION 
AND 
SCHOOL OF MEDICINE, DEPARTMENT OF OPHTHALMOLOGY 


The Francis |. Proctor Foundation for Research in Ophthalmology is searching for an 
ophthalmologist who will have responsibility for research in uveitis and ocular inflammatory 
diseases with special emphasis on clinical research on the ocular complications of AIDS, 
particularly cytomegalovirus retinitis. This individual will participate in the Uveitis Clinic and 
have a primary responsibility for teaching residents and fellows in this area. The position will 
also have a key role in a multi-center clinical trial on the treatment of ocular herpesvirus 
infections. This position will carry a joint appointment in the Department of Ophthalmology, 
UCSF. Level of appointment commensurate with education and experience. Date available: 
August 1, 1989. 


Requirements: M.D. who is board certified or qualified in ophthalmology with post-residency 
training in ocular inflammatory disease or equivalent research output. Experience in clinical 
trials and with the ocular complications of AIDS is also desirable. 


Send CV and cover letter to: Ms. Elaine Benson 
Management Services Officer 
Francis |. Proctor Foundation, S-315 
University of California 
San Francisco, CA 94143-0412 


Telephone: (415) 476-4542 
Filing Deadline: April 30, 1989 


UCSF is an Equal Opportunity Affirmative Action Employer. Women and Minorities are encouraged to apply. 
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FACULTY 
POSITIONS 
AVAILABLE 


The Department of Ophthalmology 
at the University of Kentucky in- 
vites applications for faculty posi- 
tions in General Ophthalmology. 
Academic rank, title and salary 
based upon qualifications. Send CV 
and inquiries to: 


Robert S$. Baker, M.D. 
Chairman 
Department of Ophthalmology 
University of Kentucky 
Medical Center 
800 Rose Street 
Lexington, Kentucky, 40536-0084 


An Equal Opportunity 
Affirmative Action Employer 
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“tn more than a Brae of use, Pred Forte has 


ied unsurpassed efficacy in controlling post- Pred Forte® 


op inflammation. Today, it enjoys a reputation.as - a a ee 1%- 
the time-tested, trusted ophthalmic steroid. 7 SIER $ ORARIE mB | 

Please see adjacent page for brief summary "A Dision of Allergan Inc. } 
of preseribing informator = ©1988 


WHY TRY TO KEEP UP WHEN THIS IS ALL 
WITH ALL OF THESE... YOU NEED? 


OCULAR 

RESOURCES = JANUARY 

COMPUTER - 1989 
SCAN AN 


A year's subscription to 
ComputerScan costs only 
$100. To start your subscrip- 
tion, fill out the coupon in 
this ad and send today. For 
more information, call us at 





(800) 9-O-C-U-L-A-R;in RESOURCES 
Illinois (312) 823-1204. COMPUTER 


Ocular Resources 
ComputerScan 


« Monthly access to article titles 


C] Yes! Send me ComputerScan for 12 months 
Enclosed is my check for $100 


and authors from over 100 world- Name 

wide journals (over 1,000 listings 

per month); Affiliation 
e A guide to the most current issues Ardido 


in the field of ophthalmology; 


| 

| 

| 

| 

| 

| 

¢ State-of-the-art search technology | 
that utilizes key words or roots of | 
| 

| 

| 

| 

| 

| 


words: Circle disk format needed: PC Macintosh 


¢ A time- and money-saving way 
to keep up-to-date on ophthal- 
mological news. 


Send to: Ocular Resources, PO. Box 407, 
Des Plaines, IL 60016-0407 
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Pred Forte® 


(prednisolone acetate) 1.0% 
sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred Forte is indicated for the treatment 


of steroid responsive inflammation of the palpebral and bulbar 
conjunctiva, cornea and anterior segment of the globe. 


CONTRAINDICATIONS: Pred Forte is contraindicated in acute un- 
treated purulent ocular infections, acute superficial herpes sim- 
plex (dendritic keratitis), vaccinia, varicella and most other viral 
diseases of the cornea and conjunctiva, ocular tuberculosis, and 
fungal diseases of the eye. It is also contraindicated for individu- 
als sensitive to any components of the formulation. 


WARNINGS: Contains sodium bisulfite, a sulfite that may cause 
allergic-type reactions, including anaphylactic symptoms and life- 
threatening or less severe asthmatic episodes in certain suscept- 
ible people. The overall prevalence of sulfite sensitivity in the general 
population is unknown and probably low. Sulfite sensitivity is seen 
more frequently in asthmatic than in nonasthmatic people. 


In those diseases causing thinning of the cornea, perforation has 
been reported with the use of topical steroids. 


Since Pred Forte contains no antimicrobial, if infection is present, 
appropriate measures must be taken to counteract the organisms 
involved. 


Acute purulent infections of the eye may be masked or enhanced 
by the use of topical steroids. 


Use of steroid medication in the presence of stromal herpes simplex 
requires caution and should be followed by frequent mandatory 
slit-lamp microscopy. 

As fungal infections of the cornea have been reported coinciden- 
tally with long-term local steroid applications, fungal invasion may 
be suspected in any persistent corneal ulceration where a steroid 
has been used, or is in use. 


Use of topical corticosteroids may cause increased intraocular 
pressure in certain individuals. This may result in damage to the 
optic nerve, with defects in the visual fields. It is advisable that the 
intraocular pressure be checked frequently. 


Posterior subcapsular cataract formation has been reported after 
heavy or protracted use of topical ophthalmic corticosteroids. 


PRECAUTIONS: General: Patients with histories of herpes simplex 
keratitis should be treated with caution. 


Carcinogenesis, mutagenesis, Impairment of fertility: No studies 
have been conducted in animals or in humans to evaluate the 
potential of these effects. 

Pregnancy Category C: Prednisolone has been shown to be ter- 
atogenic in mice when given in doses 1-10 times the human dose. 
There are no adequate well-controlled studies in pregnant women. 
Prednisolone should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus. 


Dexamethasone, hydrocortisone and prednisolone were ocularly 
applied to both eyes of pregnant mice five times per day on days 
10 through 13 of gestation. A significant increase in the incidence 
of cleft palate was observed in the fetuses of the treated mice. 
Nursing Mothers: It is not known whether topical administration 
of corticosteroids could result in sufficient systemic absorption 
to produce detectable quantities in breast milk. Systemically admin- 
istered corticosteroids are secreted into breast milk in quantities 
not likely to have a deleterious effect on the infant. Nevertheless, 
caution should be exercised when topical corticosteroids are ad- 
ministered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS: Adverse reactions include increased intra- 
ocular pressure, which may be associated with optic nerve damage 
and defects in the visual fields, posterior subcapsular cataract 
formation, secondary ocular infections from fungi or viruses liber- 
ated from ocular tissues and perforation of the globe when used 
in conditions where there is thinning of the cornea or sclera. Sys- 
temic side effects may occur rarely with extensive use of topical 
steroids. 


=  ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc., Irvine, CA 92713 
©1988 







SUBSPECIALTY 
OPHTHALMOLOGIST 
KANSAS CITY 







Fellowship trained Ophthalmologist to 
join two Board Certified Generalists 
and establish first subspeciality de- 
partment. Ultramodern office with 
state of art equipment and vigorous 
growing practice. Some general Oph- 
thalmology until subspeciality estab- 
lished. Ethical. Stimulating environ- 
ment-clinical research-40 papers pub- 
lished from our practice. Exceptional 
offer-salary, fringes, production incen- 
tive. 














Contact: 

John C. Hagan Ill, M.D., FACS 

Midwest Eye Institute of 
Kansas City 

2700 Hospital Drive 

North Kansas City, MO 64116 








POSTDOCTORAL FELLOWSHIP 


Francis |. Proctor Foundation 
University of California, San Francisco 


The Francis |. Proctor Foundation for 
Research in Ophthalmology conducts a one 
to two year training program offering 
advanced clinical training and laboratory 
research on infectious and inflammatory 
diseases of the eye using techniques of 
immunology, microbiology, cell and molec- 
ular biology. Ongoing programs of the 
Foundation include clinical trials and 
research projects focused on ocular 
inflammatory diseases. Research support 
for U.S. citizens is available through a NIH 
departmental training grant or through 
individual applications to the NIH and 
other agencies. U.S. candidates should be 
board qualified ophthalmologists or post- 
doctoral scientists. However, applicants 
from outside the U.S. are also encouraged 
to apply. Applications for July 1990 fellow- 
ships will be accepted until March 31, 
1989. For further information and applica- 
tion forms, please write to: 


Chandler Dawson, M.D., Director 
F.I. Proctor Foundation, 
University of California 

San Francisco, CA 94143-0412 

Telephone: (415) 476-1441 
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Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusion in the list free of charge. Listings will be published for three consecutive 
months and should be received at least two months prior to date of course, eg, by Jan 1 to be 
included in the March, April, and May issues. A course held between the first and 14th 
days, inclusively, will appear in the preceding month's issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Cinda Gislason, Archives of Ophthalmology, CME, 
1855 W Taylor St, Chicago, IL 60612. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


ARIZONA CALIFORNIA 


Fifteenth Ann Frontiers in Ophthalmol At: Scotts- 
dale Dates: 2/9/89 to 2/11/89 Hrs Instr: 1 
Sponsor: St Luke’s Med Ctr, Prentice Eye Inst 
Contact: Christine Campbell, Campbell Mtg 


Advanced Retina Seminar At: Carmel Valley 
Dates: 4/13/89 to 4/15/89 Reg Fee: $575 Hrs 
Instr: 12 Contact: Lorraine Fisher, c/o How- 
ard Schatz, MD, 1 Daniel Burnham Ct, #210, 


Management, 4659 S Lakeshore Dr, Suite D, San Francisco 94109; (415) 441-0906 


Tempe 85282; (602)838-6728 


5th Annual | The Masters 


Live-Video 
Ophthalmic 

Plastic Surgery 
Lacrimal, Eyelid 


Workshop 
& Orbital Surgery 
Friday & Saturday e March 10-11, 1989 


COURSE DIRECTORS: 


Richard D. Lisman, M.D., Murray Meltzer, M.D., 
Rene Rodriguez-Sains, M.D., Byron Smith, M.D 


STAFF SURGEONS: 


Frederick Jakobiec, M.D.. Albert Hornblass, M.D., 
Byron Smith, M.D. 


INSTRUCTORS: 


Bryan Arthurs. M.D.. Edward Bedrossian. Jr.. M.D.. 
Steven Gilbard. M.D.. Kenneth Hyde. M.D.. 
Donald McDonald. M.D.. Philip Silverstone. M.D 


INVITED SURGICAL "MASTERS’: 
A. Jan Berlin. M.D.. Richard Dortzbach. M.D . Allen Putterman. M.D 


CURRICULUM: 


This course will cover the major topics in ophthalmic plastic surgery that coincide 
with the major areas of expertise of our invited Master surgeons. These topics will be 
informally taught by lecture and live surgery. 
a. Orbital and Lacrimal Surgery 
b. Blepharoplasty e. Cryosurgery 
c. Ptosis Surgery 3 f. Socket Surgery 
Participants are allowed free access to OR’s. teaching classroooms and simulcast video. 


d. Ectropion & Entropion Correction 


of Ophthalmic 
Plastic Surgery 





Visions in Ophthalmol ’89 At: La Jolla Date: 
4/1/89 Sponsored by: Scripps Mem Hosp Reg 
Fee: $100 ($45 nurses and tech) Hrs Instr: 5 
Contact: Nomi Feldman, Conf Coordinator, 
3770 Tansy St, San Diego 92121; (619) 453- 
6222 


Fifty-eighth Ann Mid-Winter Ophthalmol Clin 
Conf At: Los Angeles Dates: 2/10/89 to 2/12/89 
Hrs Instr: 18 Reg Fee: $295 ($350 after 1/1/89) 
prac phys, $160 residents & retired phys Spon- 
sor: Res Study Club of Los Angeles Guest 
Speakers: Carmen A. Puliafito, David J. 
Schanzlin, Frederick A. Jakobiec, William F. 
Maloney Contact: Louise Ball, Box J, South 
Pasadena 91030-0590; (213)680-2387 


Ophthalmol in the Third World: A Practical Ori- 
entation At: San Francisco Dates: 3/8/89 to 
3/10/89 Contact: Hass Foundation, c/o Proc- 
tor Med Group, 95 Kirkham St, San Francisco 
94122; (415) 573-1367 


Fifty-eighth Clin Conf Res Study Club of Los 
Angeles At: South Pasadena Dates: 2/10/89 to 
2/12/89 Contact: Res Study Club, Box J, South 
Pasadena 91030 


Basic Science Course in Ophthalmol At: Stan- 
ford Dates: 7/4/89 to 8/31/89 Reg Fee: $1550 
Contact: J. W. Bettman, MD, Dept of Ophthal- 
mol, A-157, Stanford Med Center, Stanford 
94305 


Eighth Ann Squaw Valley Retinal Symp At: 
Tahoe City Dates: 2/5/89 to 2/9/89 Hrs Instr: 
16 Reg Fee: $360 Contact: James W. Wells, Jr, 


(Continued on p 293.) 
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Manhattan 


Eye, Ear & Throat Hospital 
210 East 64th Street, 
New York, 10021 


LIMITED REGISTRATION 


CONTACT 


Ophthalmology Course Coordinator 
Manhattan Eye, Ear & Throat Hospital 
210 East 64th Street, NYC, NY 10021 
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DIB Wills Eye Hospital 


announces 


The Fourteenth Annual 
Ophthalmology Review Course 


March 18-22, 1989 
The Sheraton Society Hill Hotel 
Philadelphia, PA 


5 6 7 
12 13 14 15 16 17 18 
19 20 21 22 23 24 25 
26 27 28 29 30 31 


Guest Speaker 
David L. Guyton, M.D. 


Associate Professor of Ophthalmology 
The Wilmer Ophthalmological Institute 
Johns Hopkins University 
Baltimore, Maryland 


Peter J. Savino, M.D., Course Director 
Faculty & Topics 


Topic 

Corneal & External Diseases 
Retina & Vitreous 

Anatomy & Embryology 

Ocular Pathology 

Uveitis 

Orbit, Eyelid & Lacrimal System 


Optics & Refraction 

Physiology 

Pharmacology & Therapeutics 
Pediatric Ophthalmology & Strabismus 
Neuro-Ophthalmology 

Ocular Tumors 

Glaucoma 


Further Information: 

Wills Eye Hospital 

Department of Continuing Medical Education 
Ms. Lucia M. Manes 

9th & Walnut Streets 

Philadelphia, PA 19107 


(215) 928-3378 


Faculty 
Juan J. Arentsen, M.D. 
William E. Benson, M.D. 
Gary C. Brown, M.D. 
Ralph C. Eagle, Jr., M.D. 
David H. Fischer, M.D. 
Joseph C. Flanagan, M.D. 
and Mary A. Stefanyszyn, M.D. 
David L. Guyton, M.D. 
Joseph I. Markoff, M.D. 
Marlene R. Moster, M.D. 
Leonard B. Nelson, M.D. 
Peter J. Savino, M.D. 
Jerry A. Shields, M.D. 
Richard P. Wilson, M.D. 


Tuition Fee: 
$600 Practicing Physicians & Fellows 
$300 Residents 

(with Letter from Program Chairman) 
Continuing Education Credits: 
This course is eligible for 41 credit hours in 
Category 1 of the Physicians’ 
Recognition Award of the AMA 


(Continued from p 291.) 
MD, Retina, Univ of California, Davis, 3939 J 
St, Suite 210, Sacramento 95819; (916)454- 
4861 


COLORADO 


Advanced Aspen Anterior Segment Sem At: 
Aspen Dates: 2/27/89 to 3/3/89 Contact: Shar- 
lee Dodd, Dulaney Eye Foundation, Box 2337, 
Sun City, AZ 85373; (602)933-3845 


Facial Cutaneous Surgery: Mohs, Reconstruc- 
tive, Cosmetic At: Copper Mountain, Colo 
Dates: 3/25/89 to 4/1/89 Hrs Instr: 30 Contact: 
Debbie DeSmyther, Prgm Assist, Off of CME, 
Towsley Ctr-Box 0201, Univ of Michigan Med 
Sch, Ann Arbor, Mich 48109; (313) 763-1400 


Ninth Ann Meet Aspen Corneal Soc At: Snow- 
mass Dates: 2/18/89 to 2/25/89 Reg Fee: $325 
before 1/1/89, $375 after 1/1/89 Speakers: 
Jerry Shields, MD; Michael Lemp, MD; Thomas 
Wood, MD; Peter Laibson, MD; Roger Meyer, 
MD Contact: Mitchell H. Friedlaender, MD, 
Div of Ophthalmol, Scripps Clinic and Res 
Found, 10666 N Torrey Pines Rd, La Jolla, CA 
92037; (619)455-9100 


Colorado Ophthalmol Soc Ann Mid-Winter Sem 
At: Vail Dates: 1/21/89 to 1/25/89 Hrs Instr: 16 
Contact: Carol Goddard, Box 4834, Englewood 
80155; (303)770-6048 


Sixth Ann Wilmer Inst Current Concepts in Oph- 
thalmol At: Vail Dates: 3/18/89 to 3/25/89 Hrs 
Instr: 30 Reg Fee: $475 prac phys, $325 resi- 
dents & fellows Contact: Prgm Coordinator, 
CME, The Johns Hopkins Med Inst, Turner 22, 


720 Rutland Ave, Baltimore, MD 21205; 
(301)955-2959 


DISTRICT OF COLUMBIA 


Vitreoretinal Diseases & Surg Symp Dates: 4/ 
28/89 to 4/29/89 Sponsored by: Washington 
National Eye Ctr and Dept of Ophthalmol of 
the Washington Hosp Ctr Contact: Penelope 
A. Helfgott, WNEC, Suite 6B-13, 110 Irving St, 
NW, Washington, DC 20010; (202)877-6982 


Tenth Ann Rev Course CME & Ophthalmic Med 
Assistants Dates: 5/11/89 to 5/13/89 Contact: 
Phyllis L. Fineberg, COMT, Ctr for Sight, 
Georgetown Univ, 3800 Reservoir Rd, NW, 
Washington, DC 20007; (202)687-4862 


FLORIDA 


Ophthalmic Review At: Jacksonville Dates: 3/ 
31/89 to 4/1/89 Guest Speakers: Drs Richard 
Brubaker, Dennis Robertson, Donald Gass, 
Jack Kennerdell Contact: Marian Hunter, 
Mayo Clinic Jacksonville, 4500 San Pablo Rd, 
Jacksonville 32224; (904) 223-2000 


Clin Vision Res: Epidemiologic & Biostatistical 
Approaches At: Longboat Keys Dates:4/26/89 
to 4/29/89 Contact: Catherine M. Beinhauer, 
Conf Management Assoc, 127 Brook Hollow, 
Hanover, NH 03755; (603)643-2325 


Problem-Oriented Approach to Vitreous Surg At: 
Miami Dates: 2/27/89 to 3/1/89 Hrs Instr: 12.5 
(2 hrs for lab session) Reg Fee: $350, $100 prac 
lab Contact: Continuing Education in Oph- 
thalmology Inc, Bascom Palmer Eye Inst, Box 
015869, Miami 33101; (305)326-6099 


=> 


Florida Soc of Ophthalmol Ann Mtg At: St Peters- 
burg Dates: 3/17/89 to 3/19/89 Hrs Instr: 7.5 
Contact: Florida Soc of Ophthalmol, 1133 W 
Morse Blvd, Suite 201, Winter Park, FL 32789; 
(407)647-8839 


Eyelid Surgery: A Basic Course for the Practic- 
ing Physician At: Tampa Date: 2/18/89 Course 
Dir: J. J. Older Contact: Northside Med Ctr, 
Suite 210, 13550 N 31st St, Tampa 33613; (813) 
971-3846 


HAWAII 


First Ann Ophthalmol Sem: Glaucoma & Optic 
Nerve Dis for the Gen Ophthalmologist At: 
Honolulu Dates: 2/11/88 to 2/18/88 Hrs Instr: 
33 Reg Fee: $600 Contact: Hawaii Pacific Med 
Sem, 1600 Ala Moana Blvd, Suite 1902, Honolu- 
lu 96815; (800)248-9248 


ILLINOIS 


Seventh Ann Clin Challenges Day At: Chicago 
Date: 3/15/89 Hrs Instr: 7 Reg Fee: $50 Con- 
tact: Clin Challenges Day Registrar, Conf and 
Inst (M/C 607) Univ of Illinois at Chicago, Box 
6998, Chicago 60680; (312)996-5225 


KANSAS 


Kansas Eyecon ’89: Focus on Pediatric Ophthal- 
mol & Retinal Diseases At: Kansas City Dates: 
4/6/89 to 4/8/89 Reg Fee: $225 Hrs Instr: 10 
Contact: Eve Lankston, Kansas Eye Ctr, c/o 
Dept of Ophthalmol, Univ of Kansas Med Ctr, 
39th & Rainbow Blvd, Kansas City; (913) 588- 
6605 

(Continued on p 295.) 


BASIC SCIENCE COURSE IN OPHTHALMOLOGY 


AT STANFORD 
July 5 through August 31, 1989 


Sponsored by the Department of Ophthalmology, Stanford University Medical Center and presented in cooperation 
with the University of California, Davis; Pacific Presbyterian Medical Center; and the University of California, San 


Francisco. 


Learn the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful Stanford 
University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Physiology and Biochemistry, Embryology, 
Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, Fluorescein Angiography, Optics and Theory of 
Refraction, and other important shorter subjects. 


Instructors include Doctors C. Beard, J. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, P. Egbert, J. Eliason, 
M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, G. Paris, H. Schatz, A. Scott, W. Scott, R. 
Shaffer, M. Smith, G. Smolin, W. Spencer, R. Stamper and many others on the faculty of 60. 


Tuition is $1,550. For further information and application forms, please write to J.W. Bettman, M.D., Department of 


Ophthalmology, A-157, Stanford Medical Center, Stanford, California 94305. 
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CHRISTIAN OPHTHALMOLOGY SOCIETY 


invites you to the 13th annual meeting 


OKLAHOMA CITY 


JUNE 15-18, 1989 


This meeting will feature a CATARACT panel with Dr. James P. Gills and Dr. Robert 
H. Osher---- a GLAUCOMA panel with Dr. Paul F. Palmberg and Dr. Richard Parrish-- 
and other knock-out papers including "Malignant optic neuritis", "Ocular Lyme Borreliosis 
1989", "Cornea Update 1989", "Retina/Vitreous Update 1989", plus much, much more! 


Speakers include: Robert N. Serros, MD, J. James Rowsey,MD 
J.Lawton Smith, MD Bradley K. Farris, MD Jack Hough, MD John A. McCrary, MD 
David G. Haney,MD Roger D. Bonham, MD William Smitty, MD, in addition to those 
named above. This program will provide both SCIENTIFIC and SPIRITUAL talks - and 
all will be given by physicians. You'll even hear Dr. J. James Rowsey speak on 
"MONEY, SEX, AND POWER IN MEDICINE"! You will not want to miss it! 


The meeting has been approved for category 1 CME credit by the University of 
Oklahoma Medical School -- there will be testimonies, music, tour of National Cowboy 
Hall of Fame, discussion times, small group meetings, great facilities for children, 
fabulous spouses’ program with Margaret Joffrion and Glenna Haney-- and everything 
has been planned for you and your family to have a huge blessing in every way. 


Now - hold on to your seats when you hear this!! The registration fee of $150 
per family will be waived for medical students, interns, residents, and fellows- and not 
only that, but they can apply for $300 grants to help with expenses and they will be 
provided as long as funds hold out! For more information, a copy of the program, et 


al-- write now: 
BRADLEY K. FARRIS,MD 


c/o Dept.Ophthalmology,Univ.Okla. 


608 Stanton L. Young Boulevard 
Oklahoma City, Okla. 73104 


(Continued from p 293.) 


LOUISIANA 


Ann Mtg Contact Lens Assoc of Ophthalmol At: 
New Orleans Dates: 1/18/89 to 1/21/89 Con- 
tact: Mtg Registrar, CLAO, 523 Decatur St, 
Suite 1, New Orleans 70130; (800)821-0787 or 
(504)581-4000 


Thirty-eighth Ann Symp on Pediatric Ophthal- 
mol, Strabismus, & Oculoplastic Surg At: New 
Orleans Dates: 3/3/89 to 3/5/89 Hrs Instr: 22 
Reg Fee: $350 prac phys ($400 after 1/1/89) 
Contact: Emily Busby, New Orleans Academy 
of Ophthalmol, Eye, Ear, Nose & Throat Hosp, 
2626 Napoleon Ave, Suite 2076, New Orleans 
70115; (504)899-9955 


MASSACHUSETTS 


Solving Cornea Dilemmas At: Boston Date: 3/ 
18/89 Sponsor: Massachusetts Eye and Ear Inf 
& Harvard Med Sch Contact: Harvard Med 
Sch, Dept of CME, Boston 02115; (617)732- 
1525 


Eighteenth Ann Course in Prac Aspects of Pho- 
tocoagulation At: Boston Dates: 3/30/89 to 
4/1/89 Hrs Instr: 16(Full Course) 10(Didactic 
Course) Reg Fee: $500(Full Course) $300 (Di- 
dactic Course) Contact: J. Wallace McMeel, 
MD, Attn: Ms J. Cerone, 100 Charles River 
Plaza, Boston 02114; (617)532-7810 


MARYLAND 


Mohammed Aziz Mem Ann Lecture on Blindness 
of the Tropics At: Baltimore Date: 3/16/89 


The past 20 

years represent a period of 

dramatic progress in ophthalmic 
surgery. Today, biotechnology is creat- 
ing new dimensions in the management 
of wound healing. Genetic engineering 


and modern separation science are mak- 
ing growth factors and other biological 
response modifiers available to the 
physician. These proteins, the physio- 
logical regulators of tissue repair, are the 
next generation of ophthalmic phar- 
maceuticals. The successful integration 
of these new drugs into the practice of 
ophthalmic surgery defines today’s 
frontier. 

Visions in Wound Healing is a forum 
for physicians and scientists to exchange 
ideas which will shape the future prac- 
tice of surgery in ophthalmology. 


VISIT THE FRONTIER 





Speaker: Carl Kupfer, MD Contact: Alice R. 
Flumbaum, c/o Hugh R. Taylor, MD, Dana 
Center, Wilmer Inst, 600 N Wolfe St, Balti- 
more, MD 21205; (301)955-8179 


MICHIGAN 


Twelfth Ann Ophthalmol Rev Course At: Detroit 
Dates: 3/9/89 to 3/14/89 Reg Fee: $550 prac 
phys, $400 residents & fellows Contact: Div of 
CME, Wayne State Univ Sch of Med, 4201 St 
Antoine, 4H-2, Detroit 48201; (313)577-1180 


NEW YORK 


Contact B and A Scan Diagnostic Ultrasonogra- 
phy At: New York Date: 2/11/89 Contact: 
Margarert Bobyak, Course Coordinator, Man- 
hattan Eye, Ear & Throat Hosp, 210 E 64th St, 
Room 804, New York 10021 


Fifth Ann Live-Video Ophthalmic Plastic Surg 
Workshop: The Masters of Ophthalmic Plastic 
Surg At: New York Dates: 3/10/89 to 3/11/89 
Contact: Ophthalmol Course Coordinator, 
Manhattan Eye, Ear & Throat Hosp, 210 E 
64th St, New York 10021 


1989 Sigmund Schutz Professorship At: New 
York Dates: 4/6/89 to 4/8/89 Guest Speaker: 
Lorenz E. Zimmerman, MD Contact: Martha 
Klapp, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New York; (212) 605-3762 


Cornell Advanced Vitreous Surg Course At: New 
York Dates: 6/8/89 to 6/10/89 Contact: Eliza- 
beth Nohilly, New York Hospital, Starr-817, 
520 E 70th St, New York, NY 10021 


March 16-19, 1989 


PROGRAM: 


* Scientific Basis for Wound Healing 
* Moving Biotechnology Into Practice 


FEATURED SPEAKERS: 


D. Martin Carter, M.D., Ph.D. 
The Rockefeller University 


Yves Courtois, D.Sc. 
Institut National De La Sante 


Ronald G. Crystal, M.D. 
National Heart, Lung and 
Blood Institute 


Patricia A. D'Amore, Ph.D. 
Harvard Medical School 


James P. Gills, M.D. 

St. Luke’s Eye Institute 
Bert M. Glaser, M.D. 
Johns Hopkins University 


Gary R. Grotendorst, Ph.D. 
University of South Florida 


Leonard M. Hjelmeland, Ph.D. 


University of California, Davis Infectious Disease 


Local 
(813) 938-2020 


Bernard Horowitz, Ph.D. 
New York Blood Center 


Richard H. Keates, M.D. 
Ohio State University 


David R. Knighton, M.D. 
University of Minnesota 


Steven R. Ledbetter, Ph.D. 

The Upjohn Company 

Vincent H. L. Lee, Ph.D. 
University of Southern California 
Judith M. Leon, Ph.D. 

Allergan Pharmaceuticals, Inc. 
William J. Link, Ph.D. 

Chiron Ophthalmics, Inc. 


Harry L. Malech, M.D. 
National Institute of Allergy and 


OKLAHOMA 


Thirteenth Ann Meet Christian Ophthalmol Soc 
At: Oklahoma City Dates: 5/15/89 to 5/18/89 
Contact: Bradley K. Farris, MD, Dept of Oph- 
thalmol, Univ of Oklahoma, 608 Stanton L. 
Young Blvd, Oklahoma City 73104 


PENNSYLVANIA 


Cornea and External Dis Symp At: Philadelphia 
Date: 1/21/89 Reg Fee: None Hr 


str: 3.5 

Contact: Mary Allegrini, Scheie E st, 51 N 
39th St, Philadelphia 19104; (215) 119 

Fourteenth Ann Ophthalmol Rev Course At: 
Philadelphia Dates: 3/18/89 to 3/22/88 Hrs 
Instr: 41 Reg Fee: $600 prac phys, $300 resi- 
dents Contact: Lucia M. Manes, Dept of Cont 
Med Educ, Wills Eye Hosp, 9th & Walnut 


Streets, Philadelphia, PA 19107; (215)928- 
3378 


Ophthalmol Soc Spring Mtg At: Pittsburgh 
Dates: 4/13/89 to 4/15/89 Reg Fee: $225 Con- 
tact: Pat Williamson, Exec Assistant, 2545 
Mosside Blvd, Monroeville, PA 15146; (412)243- 
8845 






Tenth Anniversary Symp for Allied Ophthalmic 
Personnel At: Pittsburgh Dates: 4/14/89 to 
4/15/89 Reg Fee: $225 Contact: Pat William- 
son, Exec Assist, 2545 Mosside Blvd, Monroe- 
ville, PA 15146; (412)243-8845 


SOUTH CAROLINA 


Fifteenth Ann Mtg of the Am Assoc for Pediatric 
Ophthalmol and Strabismus at: Kiawah Island 
Dates: 4/15/89 to 4/18/89 Contact: Tricia Ste- 
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A Symposium on the Acceleration 
of Wound Repair by Growth Factors 


* Pre-Clinical and Clinical Trials 
* Today’s Frontier 


14 HOURS CME 


George R. Martin, Ph.D. 
National Institute of 
Dental Research 

Richard L. Mowery, Ph.D. 
National Eye Institute 
Teruo Nishida, M.D., D.Sc. 
Kinki University School 
of Medicine 

J. James Rowsey, M.D. 
University of Oklahoma 
Gregory S. Schultz, Ph.D. 
University of Louisville 
Harold E. Van Wart, Ph.D. 
Florida State University 


For Registration Information Call Lynda McIntyre 
Deadline March 3, 1989 i 


National Wats 


1-800-237-4121 


Florida Wats 
1-800-282-9905 
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3RD ANNUAL 
OKLAHOMA NEURO-OPHTHALMOLOGY COURSE 


THE ORBIT 


Presented by the University of Oklahoma and the Dean A. McGee Eye Institute 


GUEST FACULTY: The Orbit Course will be CLINICAL PROBLEMS TO BE 
Milton Boniuk, M.D. followed by the 13th ANNUAL DISCUSSED: 
Cullen Eve Institute RESIDENTS AND ALUMNI , 
Baylor College of Medicine MEETING, University of Nouro-Opnihalinology and Orbita 
Bradley K. Farris, M.D Oklahoma, Department of Disease 


Dean A. McGee Eye Institute Ophthalmology, Orbital Neuroimaging 


University of Oklahoma MIG T399 Clinicopathological Features 


Barrett Haik, M.D. Tuition included in course fee if of Orbital Disease 
Tulane Medical School attending both. 
New Orleans, Louisiana For more information and Thyroid Eye Disease 


Robert Quencer, M.D. registration, contact: Neuroimaging of the Anterior 


University of Miami School Office of Continuing Medical Visual Pathways 
of Medicine Education aoe 
Miami, Florida PO. Box 26901 Pediatric Orbital Tumors 


3SP511 l Adult Orbital Tumors and Their 
Oklahoma City, Oklahoma 73190 Management 


June 2, 1989 
THE WATERFORD HOTEL 


n The N O Imol 
Course Fes: $175.00 Oklahoma City, Oklahoma eee ee nas boen | 


University of Wisconsin 


CURRENT CONCEPTS IN OPHTHALMOLOGY 
SEMINAR ’89 
April 6-8, 1989 è Concourse Hotel ® Madison, Wisconsin 





Featuring on Friday, April 7: 


A Full-Day Glaucoma Symposium 
(in concurrent session with the Midwest Glaucoma Society) 


Guest Lecturers: 
Stephen M. Drance, OC, MD, University of British Columbia 
James C. Folk, MD, University of Iowa 
H. Dunbar Hoskins, Jr., MD, University of California, San Francisco 
Bernard Schwartz, MD, PhD, Tufts-New England Medical Center 
William T. Shults, MD, Oregon Health Sciences University 


18 hours AMA Category I credits 


New Feature (Friday, April 7): Current Concepts for Ophthalmic Medical Personnel 


Lectures, demonstrations, and problem discussions of visual acuity assessment, examination of the pupil, visual field assessment in the 
glaucoma and neurologic patient, lensometry of difficult-to-read spectacles, and office photography 


JCAHPO credits pending 





For further information on either program, contact: 
Cathy Means, University of Wisconsin CME, 2715 Marshall Ct., Madison, WI 53705 (608) 263-6637 
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vens-Petras, Coordinator, 305 Twin Ridge 
Lane, Richmond, VA 23235; (804)320-2833 


TENNESSEE 


18th Ann Univ of Tenn Residents-Alumni Day At: 
Memphis Dates: 3/10/89 Guest Speaker: Jack 
Holladay, MD Reg Fee: None Contact: Roger 
L. Hiatt, MD, Dept of Ophthalmol, Univ of 
Tenn, 956 Court Ave, Memphis 38163; (901) 
528-5883 


TEXAS 


11th Ann Dallas Spring Ophthalmol Symp At: 
Dallas Dates: 3/31/89 to 4/1/89 Hrs Instr: 10 
Reg Fee: $250 Guest Speakers: Bruce Shields, 
MD & George Spaeth, MD Contact: Susan 
Shelby, Texas Retina Assoc, 7150 Greenville 
Ave, Suite 400, Dallas 75231; (214) 692-6941 


Clin Adv in Ophthalmol for the Prac Ophthalmol- 
ogist At: Houston Dates: 3/17/89 to 3/19/89 
Contact: Carol J. Soroka, Office of Continuing 
Education, Baylor Coll of Med, One Baylor 
Plaza, Houston 77030; (713)798-6020 


International Symp on Acanthamoeba & the Eye 
At: Houston Dates: 4/14/89 to 4/16/89 Contact 
Tamara C. Greiner, Off of CME, Baylor Coll of 
Med, One Baylor Plaza, Houston, Texas 77030; 
(713) 798-6020 


Ninth Ann Ophthalmol Clin Conf At: San Antonio 
Dates: 3/31/89 to 4/1/89 Contact: CME, 
UTHSCSA, 7703 Floyd Curl Dr, San Antonio 
78284; (512) 567-4444 





UTAH 


Seventh Ann Park City Oculoplastic Meet At: 
Park City Dates: 2/11/89 to 2/18/89 Reg Fee: 
$375 Contact: Jeffrey C. Popp, 8300 Dodge St, 
Suite 200, Omaha, NE 68114; (402) 391-4558 


WASHINGTON 


Laser Imaging & Photoeffects in Ophthalmol At: 
Los Angeles Dates: 1/15/89 to 1/20/89 Con- 
tact: SPIE, OE/LASE ’89 Med, Box 10, Belling- 
ham, WA 98227; (206)676-3290 


Current Concepts in Ophthalmol Seminar ’89 At: 
Madison Dates: 4/6/89 to 4/8/89 Hrs Instr: 18 
Contact: Cathy Means, University of Wiscon- 
sin CME, 2715 Marshall Ct, Madison, WI 53705; 
(608 )263-6637 


FOREIGN 


Intercapsula ’89 At: Liege, Belgium Dates: 3/ 
19/89 to 3/21/89 Contact: Secretariat du Dr A. 


Galand, Clinique Sainte Rosalie, 72 rue des 
Wallons, B-4000 Liege, Belgium 


Fifteenth Ann Mtg Canadian Implant Assn At: 
Montreal Dates: 6/2/89 to 6/3/89 Contact: 
Marvin L. Kwitko, MD, Prgm Chairman, 5591 
Côte des Neiges Rd, Montreal, Quebec, Canada 
H3T 1Y8; (514)735-1133 


Internatl Congress on Ocular Trauma (Anterior, 
Posterior, & External Segments) At: Tel-Aviv, 
Israel Dates: 2/19/89 to 2/24/89 Co-Chairper- 


ee 

ZZ "SEG. 
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ATT: ae... 
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sons: G. Treister (Israel), B. Glaser (USA) 
Contact: The Secretariat, Internat] Congress 
on Ocular Trauma, Box 50006, Tel-Aviv 61500, 
Israel; (03)654571 


Biennial Mtg Diopter & Decibel Soc At: Acapul- 
co, Mex Dates: 1/21/89 to 1/28/89 Contact: 
Jeannine L. Nee, CME, 3518 5th Ave, Pitts- 
burgh, PA 15213; (412)682-6300 


N Am Neuro-Ophthalmol Soc At: Cancun, Mex 
Dates: 3/6/89 to 3/12/89 Speaker: Charles G. 
Drake, MD Contact: NANOS, 302 Juniper Hill 
Road, NE, Albuquerque, NM 87122; (505)293- 
2963 


Third Ann Ophthalmol Mtg Massachusetts Eye & 
Ear Inf At: Puerto Vallarta, Mex Dates: 2/5/89 
to 2/9/89 Contact: Harvard Med Sch, CME, 
Boston, MA 02115; (617)732-1525 


Eleventh Ann Wilmer Inst Current Concepts in 
Ophthalmol At: Dorado, Puerto Rico Dates: 
2/19/89 to 2/26/89 Hrs Instr: 30 Reg Fee: $475 
prac phys, $325 residents & fellows Contact: 
Prgm Coordinator, CME, The Johns Hopkins 
Med Inst, Turner 22, 720 Rutland Ave, Balti- 
more, MD 21205; (301)955-2959 


Ophthalmol '89 At: Jeddah, Saudi Arabia Dates: 
3/29/89 to 4/1/89 Fee: $125 Contact: Ophthal- 
mol ’89, Office of the Saudi Ophthalmol Soc, 
Box 55307, Riyadh 11534, Saudi Arabia 


Second Ann Caribbean Glaucoma Symposium 
At: St Thomas, US Virgin Islands Dates: 3/ 
17/89 to 3/18/89 Contact: Mary Bryant, How- 
ard Univ Hosp Div of Ophthalmol, 2041 Geor- 
gia Ave NW, Washington, DC 20060; (206)865- 
1257 


MEMPHIS EYE CONVENTION 


PRESENTED BY 


THE MEMPHIS EYE SOCIETY 
AND 


UNIVERSITY OF TENNESSEE ¢ DEPARTMENT OF OPHTHALMOLOGY 
MARCH 11-12, 1989 e THE PEABODY HOTEL ¢ MEMPHIS, TENNESSEE 





GEORG EISNER, M.D. 


Decision Making in IOL Power Calculations 


GUEST FACULTY: 





JACK TAYLOR HOLLADAY, M.D. 
TOPICS THAT WILL BE COVERED: 


Vitreous Examination and Its Prognostic Value 


Ophthalmology in Switzerland 


Small Incision |OLs 





Current Concepts in Glare & Contrast Sensitivity Testing 
Incisions and Sutures 
The Three Essential Steps of Phacoemulsification 


Surgically Tailored Astigmatism Reduction (A Comprehensive Approach to Varying Amounts of Pre-Existing Astigmatism in Cataract Patients) 





For Further Information Please Contact: 


Thomas C. Gettelfinger, M.D., Director, Memphis Eye Convetion, 6485 Poplar, Memphis, TN 38119, (901) 767-3937 


The Ophthalmology Review Course 


OBJECTIVES 


e Improve basic and clinical knowledge in ophthalmology 


April 7-12, 1989 — Chicago 


November 6-11, 1989 — Philadelphia 
May 5-10, 1990 — San Francisco 


Now, your only BROAD REVIEW just before Written and Oral Exams 


e Assist residents and fellows in organizing study 
e Prepare candidates to take examinations 


e Provide practicing ophthalmologists with a review and update 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


Fundamentals 
Anatomy 
Biochemistry 
Physiology 
Pharmacology 


Optics and Refraction 
Ophthalmic Optics 
Refractive Errors 
Instruments 
Clinical Refraction 


Intraocular 
Inflammation 
Uveal Tract 
Ocular Tumors 


Posterior Segment 
Retina 
Vitreous 
Laser Surgery 
Macula 
Vascular Disease 


P.O. Box 2218 


1094 Dawn Lane, Dept A1 


Terre Haute, IN 47802 


TOPICS 


Neuro-ophthalmology 
Neuroanatomy 

Optic Nerve 

Visual Pathways 
Pupillomotor System 
Oculomotor System 


Pediatric Eye 
Congenital Disorders 
Genetic Disorders 
Strabismus 


Ocular Surface 
External Disease 
Cornea 
Conjunction 
Sclera 


Anterior Segment 
Anterior Angle 
Glaucoma 


METHODS 


e HOME STUDY MATERIALS with a syllabus of questions 
and answers — and assignments 
e SEMINAR with projection- slide lectures and syllabus 


Orbit and Adnexa 
Orbit 
Eyelids 
Lacrimal System 
Plastic Surgery 


Medical Problems 
Immunology 
Endocrinology 
Systemic Diseases 
Emergencies 


Ophthalmic Pathology 
Adnexa and Orbit 
External Eye 
Anterior Segment 
Posterior Segment 


Other Activities 


Pathology Laboratory 


Written Exam 
Oral Exam 
Exam Review 


Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 











Name 
Address 
City/State/Zip 
Phone For:(_] April 7-12, 1989 — Chicago 
° [] Nov. 6-11, 1989 — Phildelphia 
Mail today to: 


C] May 5-10, 1990 — San Francisco 
C] Check is enclosed for $ 


C] Please send more information. 


hmebaeeuseuunasancotusunanacecacecuuae 


e PRACTICE EXAMS with oral and written parts 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: The course 
is held the week before written and oral 
exams. Home study questions will be sent 
before the course. Your best value is to 
repeat the seminar for half price the week 
before both written and oral exams. 
Topics and faculty are upgraded for each 
program. Meeting hotels are chosen for 
the best combination of excellent study 
site and reasonable cost for travel and 
room. Our rates are typically $66 to $80 
single and $80 to $98 double. Please wait 
for instructions before buying your travel 
tickets. 


"and those little extras...."* 


LOWEST AIR FARES: Reliable Travel 
offers you the lowest air fare — often 
below super-saver rates. Please call toll- 
free 1-800-645-6504 ext. 10 and identify 
yourself with this Osler course. 


"remarkably complete and pleasant"* 


PLACEMENT SERVICE: For practice 
opportunities write or call (800) 356-7537. 


"the most education for the money."* 
FEES AND C.M.E. CREDITS: 


e C.M.E. Credit: 60 hours 
e Practicing Ophthalmologists: $630 
è Residents and Fellows: $420 


e Repeating course within 3 years: half price 
e Add 10% for April ’89 after Mar. 25, 1989. 
e Attendees not in course hotel add $8/day. 

e $50.00 will reserve your position.. 


"home study material was extremely helpful."* 


CANCELLATIONS: Refunds subject to $50 
fee, will be made until the seminar begins. 

eCancellation after mailing home study 
material requires retention of half of the 
fee. 


"I feel [the course] helped me pass ...."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 


o 


CORNELL ADVANCED VITREOUS 
SURGERY COURSE 
JUNE 8-10, 1989 


THE NEW YORK HOSPITAL-CORNELL UNIVERSITY 
MEDICAL CENTER, 1300 YORK AVENUE 
NEW YORK, NEW YORK 


Guest Faculty: 


George Blankenship, M.D. 
Mark Blumenkranz, M.D. 
Jay Federman, M.D. 

Bert M. Glaser, M.D. 
Allen Krieger, M.D. 
Brooks McCuen II, M.D. 
Ron Michels, M.D. 


TOPICS: 
New Instruments 
Vitreous Substitutes 
Ocular Trauma 


Social Program: An Evening at "Phantom of the Opera" 


Registration: $450 
$150 Residents, Fellows 


THE EAGLE. 
AN ENDANGERED SPECIES? 


The Eagle, symbol of 
strength, honor, and character, 
personifies the vigor of 
America. 

The Eagle Badge, symbol o i 
strength, honor, and character, wi g> 
represents the highest level of © ™ 
achievement in the Boy Scout 
movement. 

Don't let the best of Ameni 
become an endangered spe¢ i 















> SAS 


BECOME A MEMBER OF THE NATIONAL BOY SCOUT 
ALUMNI FAMILY. — JOIN TODAY! 
Your one-year, $10 membership entitles you to the 
Alumni Bulletin, the Annual Report, a membership 
card a an attractive wall certificate suitable for 


A anik $30 membership entitles you to a free 
Norman Rockwell print, as well as all of the benefits of , 
a one-year membership. ; $ 

Write today tæ È 
National Boy Scout Alumni Family v~ 
1325 Walnut Hill Lane ¢ Irving, Texas 75062 - 1296 


Proliferative Diabetic Retinopathy 





Course Directors: 


Stanley Chang, M.D. 
D. Jackson Coleman, M.D. 


Cornell Faculty: 


Murk-Hein Heinemann, M.D. 
Harvey Lincoff, M.D. 


Proliferative Vitreoretinopathy 
Pharmacologic Therapy 
Viral Retinitis 


Contact: Ms. Elizabeth Nohilly 
New York Hospital, Starr-817 
520 E. 70th St. 
New York, N.Y. 10021 








Howarp UNIVERSITY COLLEGE OF MEDICINE 
Division of Ophthalmology 
in cooperation with 


St. Croix Hospital 









presents 


THE SECOND 
CARIBBEAN 
GLAUCOMA 
SYMPOSIUM 


March 17-18, 1989 
St. Thomas, U.S. Virgin Islands 





Guest Faculty Includes: 
Kevin Greenidge, M.D.—New York, N.Y. 
Eve Higginbotham, M.D.— Chicago, III 
Juan Nevarez Marrero M.D.—Rio Peidras, Puerto Rico 
Thomas Richardson, M.D.—Boston, MA 
Arthur Schwartz, M.D.— Washington, D.C. 
M. Roy Wilson, M.D.—Los Angeles, CA 


Thom Zimmerman, M.D.—Louisville, KY 


For information write: 
Mrs. Mary Bryant 
Howard University Hospital Division of Ophthalmology 
2041 Georgia Avenue, N.W. 
Washington, D.C. 20060 
(202) 865-1257 





ENCOURAGE COMPLIANCE. = 
PROPINE® WITH C CAP™ Chicago 


pene with C Cap encourages proper dosing by: Ophth = nd og ical 
: Tracking next dose to be taken, and , Society 


Minimizing confusion for patients on multidose 


therapy or multiple medications. Cl g n ical 
By: . 
PROPINE' nin, UPDATE 
C CAP™ Compliance Cap B.I.D. Co nference 


INDICATIONS: Propine (dipivefrin HCI) is indicated as initial therapy 
for the control of intraocular pressure in chronic open-angle glaucoma. 
Patients responding inadequately to other antiglaucoma therapy may 
respond to addition of Propine. In controlled and open-label studies Hya 25-26, 1 989 
of glaucoma, Propine demonstrated a statistically significant intraocular att R 

showed statistically significant differences in lowering of intraocular g 
pressure between Propine and 2% epinephrine. In controlled studies 
in patients with a history of epinephrine intolerance, only 3% of patients Guest Speakers 
treated with Propine exhibited intolerance, while 55% of those treated Arthur Jampolsky, M.D 


pressure-lowering effect. Patients using Propine twice daily in studies 
with mean durations of 76-146 days experienced mean pressure reduc- 
with epinephrine again developed intolerance. Therapeutic response 
to Propine twice daily therapy is comparable to 2% pilocarpine 4 times Herbert Kaufman, M.D. 
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STOPTIC lessens the risk of systemic 
© side effects while controlling IOP 


e CNS effects including impotence, depres- 
sion, lethargy, and confusion are less likely 
due to the absence of significant plasma 
beta-blocking activity following ocular 
betaxolol administration: 

e Pulmonary reactions are less likely to occur’ 

e Cardiac function is maintained? 





Although BETOPTIC has produced only minimal effects in patients with reactive airway disease, 
caution should be exercised in the treating of patients with excessive restriction of pulmonary 
function 


BETOPTIC is contraindicated in patients with sinus bradycardia, greater than a first-degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. Patients 
receiving an oral beta blocker and BETOPTIC should be observed for potential additive 
effect on known systemic effects of beta blockade. Caution should be exercised in patients 
receiving catecholamine-depleting drugs 
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in lowering intraocular pressure and is indicated in the treatment of ocular hypertension and 
chronic open-angle glaucoma. It may be used alone or in combination with other anti- 
glaucoma drugs. 

In clinical studies BETOPTIC safely controlled the intraocular pressure of 47 patients with 
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tion should be used in treating patients with severe reactive airway disease. 


CONTRAINDICATIONS: BETOPTIC Ophthalmic Solution is contraindicated in patients with 
sinus bradycardia, greater than a first degree atrioventricular block, cardiogenic shock, in 
patients with overt cardiac failure, and in those patients with hypersensitivity to any component 
of this product. 


WARNING: Although BETOPTIC Ophthalmic Solution has had little or no effect on heart rate 
or blood pressure in clinical studies, caution should be observed in treating patients with a his- 
tory of cardiac failure. Treatment with BETOPTIC Ophthalmic Solution should be discontinued 
at the first signs of cardiac failure. 


PRECAUTIONS: Patients who are receiving a beta-adrenergic blocking agent orally and 
BETOPTIC Ophthalmic Solution should be observed for a potential additive effect either on 
the intraocular pressure or on the known systemic effects of beta blockade. 

While BETOPTIC Ophthalmic Solution has demonstrated a low potential for systemic effect, 
it should be used with caution in patients with diabetes (especially labile diabetes) because of 
possible masking of signs and symptoms of acute hypoglycemia. Beta-adrenergic blocking 
agents may mask certain signs and symptoms of hyperthyroidism and their abrupt withdrawal 
might precipitate a thyroid storm. 

Consideration should be given to the gradual withdrawal of beta-adrenergic blocking agents 
prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. 


Pulmonary: BETOPTIC Ophthalmic Solution, a cardioselective beta-blocker, has produced 
only minimal effects in patients with reactive airway disease; however, caution should be exer- 
cised in the treatment of patients with excessive restriction of pulmonary function. 


Drug Interactions: Although BETOPTIC Ophthalmic Solution used alone has little or no 
effect on pupil size, mydriasis resulting from concomitant therapy with BETOPTIC Ophthalmic 
Solution and epinephrine has been reported occasionally. 

Close observation of the patient is recommended when a beta-blocker is administered to 
patients receiving catecholamine-depleting drugs such as reserpine, because of possible 
additive effects and the production of hypotension and/or bradycardia. Caution should be exer- 
cised in patients using concomitant adrenergic psychotropic drugs. 


Ocular: In patients with angle-closure glaucoma, the immediate treatment objective is to re- 
open the angle by constriction of the pupil with a miotic agent. Betaxolol has no effect on the 
pupil; therefore, BETOPTIC Ophthalmic Solution should be used with a miotic to reduce ele- 
vated intraocular pressure in angle-closure glaucoma. 

As with the use of other antiglaucoma drugs, diminished responsiveness to BETOPTIC 
Ophthalmic Solution after prolonged therapy has been reported in some patients. However, in 
one long-term study in which 250 patients have been followed for a mean period of two years, 
no significant difference in mean intraocular pressure has been observed after initial 
stabilization. 


Pregnancy and Nursing: As with any drug, BETOPTIC Ophthaimic Solution should be used 
in pregnant or nursing women only when the anticipated benefits outweigh the risks. 


Usage in Children: Clinical studies to establish the safety and efficacy in children have not 
been performed. 


ADVERSE REACTIONS: 

Ocular: BETOPTIC Ophthalmic Solution has been well tolerated. Discomfort of short duration 
was experienced by one in four patients, but none discontinued therapy; occasional tearing 
has been reported. Rare instances of decreased corneal sensitivity, erythema, itching sensa- 
tion, corneal punctate staining, keratitis, anisocoria and photophobia have been reported. 


Systemic: Systemic reactions following topical administration of BETOPTIC Ophthalmic 
Solution have been reported rarely (e.g., insomnia and depressive neurosis). 
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(3) References not in proper format, not in numerical 
order, or not cited in text. 

(4) Use of 142-spacing rather than double-spacing. Do 
not justify right margins. 
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prints. 
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manuscript. Please submit one set of positive transparencies (35 
mm slides) and two sets of color prints. The ARCHIVES will pay 
part of the expense of reproduction and printing color illustra- 
tions, the remainder to be borne by the author. Submit a state- 
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enhanced understanding. 
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publisher’s permission to reprint must accompany the manu- 
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tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author[s]) should be included. 

Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-cm (8% X 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 


second sheet and repeat all heads and stubs. Each table must have 
a title. 


Photo Essay.—Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, etc), therapeutic procedures, or a combination. The 
photo essay should not necessarily result in brief clinicopathologic 
report. Rather, it should be a collection of diverse photos that 
convey an important clinical or laboratory story which becomes 
self-evident upon inspection of the illustrations. A concise essay, 
limited to 250 words, describing the clinical or laboratory infor- 
mation, photograph(s), and a brief list of references (five or less), 
if pertinent, should be submitted in triplicate. There is no limit on 
the number of photos, but articles will be limited to one to two 
printed pages, and all material must fit into this format. Refer to 
the general “Instructions for Authors” for other requirements. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 


AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. 


From the Archives of the Archives 


In far-off China, largely through the efforts of Dr. Harvey J. Howard, covering a 
period of fifteen years, first at Canton in the University of Pennsylvania Medical School, 
and later and for a longer period at Peiping in the Union Medical College, groups of 
Chinese have been intensively trained for important posts as the heads or subheads of 
ophthalmic departments, which they now occupy or have occupied in various medical 
schools. In addition, more than 150 Chinese and foreign physicians have completed 
postgraduate courses in the Union Medical College in Peiping under Dr. Howard’s 
direction and are successfully laboring in the large field of ophthalmic endeavor which 
China presents. This is an accomplishment of which American ophthalmology may 


justly be proud. 


... and our Chinese edition of the Archives of Ophthalmology is a recent accomplish- 


ment of which we may also be proud. 


SOURCE: de Schweinitz GE: Some of the phases and contributions of American 
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Cryotherapy for Retinopathy of Prematurity 


To the Editor.—We read with interest the EXPEDITED 
PUBLICATION of the report on the multicenter trial of 
cryotherapy for retinopathy of prematurity (ROP) and the 
recommendations of the study group.' It seemed relevant 
to compare the results with our own experience with ROP 
over the past 11 years, so the ophthalmological notes were 
reviewed of all infants born in or transferred to the Royal 
Women’s Hospital, Melbourne, between 1977 and 1987, who 
had reached stage III ROP according to the International 
Commission on ROP (ICROP) classification. The ROP had 
previously been staged using the Keith’ classification, 
which is similar to the ICROP’s and includes diagrams to 
show the site and extent of the disease, and the degree of 
vascular engorgement and tortuosity. Our regimen for 
examination over the past 11 years is almost identical to 
that used for the multicenter trial.! The cases were then 
classified by whether they would have been eligible for 
treatment according to the protocol recommended by the 
study group. 

In our study of 702 surviving infants weighing less than 
1251 g at birth, 649 (92.5% ) had an eye examination in the 
nursery. There were 104 (16.0% of 649) infants with stage 
III ROP in one or both eyes, and of these, 44 (6.4% of 649) 
would have been eligible for cryotherapy, 39 in both eyes 
and five in one eye only. The average gestational age of this 
group was 26.4 weeks and the average weight was 923 g. In 
comparison, in the multicenter trial, 291 (7.5%) of 3862 
eligible infants were randomized for treatment, the aver- 
age birth weight was 800 g, and the average gestational age 
was 26.3 weeks.' 

In our series, three patients with bilateral disease were 
not seen after discharge from the hospital, but the remain- 
ing 41 patients have been followed up for periods varying 
between one and 11 years. Using the definition of an 
adverse result described by the study group, that is, at 
least a retinal fold or a local detachment, there were only 
four children with adverse reactions in both eyes and four 
with an adverse reaction in one eye. Therefore, of 77 eyes at 
risk (36 bilateral and five unilateral), there were 12 
adverse results, that is, 15.6% (95% confidence intervals, 
8.3% to 25.6% ), significantly lower than the 45.6% in the 
untreated group (x? = 18.6, P < .001), and also lower than 
the 23.5% in the treated group, but not statistically 
significant (x? = 1.5, not significant). None of the infants 
had treatment according to the protocols recommended, 
but five did have cryotherapy over the shunt in the region 
of neovascularization. Three children had treatment to one 
eye only, while two had both eyes treated; one of the latter 
had an adverse result in both eyes, but none of the other 
children developed a retinal fold. Seven children were 
treated by scleral buckling with cryotherapy when each 
developed a localized retinal detachment in one eye (stage 
IV ICROP); in three there is still a retinal fold, while in the 
remaining four, the retina is flat. The best corrected visual 
acuity in these cases is only 6/60, so vision can still be poor 
even in the absence of a retinal fold. 

The analysis of our series shows a much lower incidence 
of adverse results from severe ROP than the study group’s. 
This may be related to the higher average birth weight, ie, 
923 g vs 801 g, but there may be other factors to be 
considered. For instance, the proportion of outborn infants 
in our series is only 10%, much lower than the 35% of 
outborn infants in the multicenter trial. The follow-up 
time of the multicenter trial is very short, and there may 
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well be some adverse effects of the large amount of 
cryotherapy given. 

In view of these factors, it would seem to be relevant for 
neonatal intensive care units to review their own preva- 
lence of blindness in children before implementing the 
recommendations of the study group. 

C. G. KEITH, FRACS 

L. W. DoyLe, FRACP 
W. H. KITCHEN, FRACP 
Carlton, Australia 


1. Cryotherapy for Retinopathy of Prematurity Cooperative Group: 
Multicenter trial of cryotherapy for retinopathy of prematurity: Prelimi- 
nary results. Arch Ophthalmol 1988;106:471-479. 

2. Keith CG: Retrolental fibroplasia: A new classification of developing 
and cicatricial changes. Aust J Ophthalmol 1979;7:189-194. 


In Reply.—We thank Drs C. G. Keith, L. W. Doyle, and W. 
H. Kitchen for their thoughtful remarks concerning our 
publication. We wholeheartedly agree that visual acuity 
outcome results are needed, as well as longer-term mor- 
phologic outcome data, before a policy is established that 
would require cryotherapy for all eyes reaching the 
defined severity threshold. This is why we did not specifi- 
cally recommend cryotherapy for both eyes as a uniform 
procedure for every patient, and why we are beginning to 
collect that very data. 

In their concluding sentence, Drs Keith, Doyle, and 
Kitchen seem tacitly to endorse cryotherapy for “the 
subgroups at highest risk of blindness,’ and we submit 
that our severity threshold defines just such a group, 
having a 45% risk of outcome that is clearly unfavorable 
(presumed consistent with legal blindness). We are con- 
cerned about the conclusion expressed by Drs Keith, Doyle, 
and Kitchen that “it would be unwise for all units imme- 
diately to apply cryotherapy to the eyes of affected chil- 
dren,” because their supporting evidence contains the 
following methodological defects. 

1. The patients in their case series do not match those in 
the multicenter trial of cryotherapy for ROP (CRYO-ROP 
Study). Drs Keith, Doyle, and Kitchen correctly point out 
two important differences between their patient group and 
ours: First, the average birth weight of patients random- 
ized in the CRYO-ROP Study was 13% lower than their 
group. Second, the CRYO-ROP Study includes three times 
as many infants who were born elsewhere and transferred 
into our participating centers. Such “outborn” infants tend 
generally to be sicker. Smaller and sicker infants carry 
increased risk for severe ROP. Indeed, many of the outborn 
patients were transferred into our centers specifically 
because they already had severe ROP. In view of this, a 
true incidence of threshold ROP cannot be derived from 
our preliminary report. Additionally, not all of our thresh- 
old cases were eligible for enrollment into the randomized 
trial (eg, parents declined to consent, or the eye developed 
retinal detachment prior to randomization). 

2. The assigned degree of severity of ROP in the Aus- 
tralian series is different. Several features of the CRYO- 
ROP Study explain this: (a) In our series, examinations 
were performed at stipulated intervals. This contrasts 
with the statement in the letter that every infant had “an 
eye examination in the nursery.” (b) In the CRYO-ROP 
Study, a standard posterior pole photograph was used to 
define the lower limit of severity of “plus disease”; there is 
no indication that this same standard was used in the Aus- 
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tralian study. (c) Two independent CRYO-ROP trained 
examiners had to agree on the designation of threshold 
before randomization could occur. Often, the second exam- 
iner disagreed, and the patient was not randomized at that 
‘time. A more liberal standard may have been used in the 
Australian series to select the patients considered eligible 
for cryotherapy. (d) The unfavorable outcome rate was 
very low for CRYO-ROP patients with severe ROP that did 
not quite reach our treatment threshold (the “pre- 
threshold” group), and who then experienced spontaneous 
involution of ROP. Therefore, if the Australians included 
even a slightly milder ROP status in their threshold 
category, it would be understandable why their adverse 
outcome rate is lower than we reported. 

The letter from Drs Keith, Doyle, and Kitchen serves to 
alert ophthalmologists to the important fact that if cryo- 
therapy were to be used for less severe ROP than what was 
described for the CRYO-ROP patients, the percentage of 
patients unnecessarily receiving treatment would rise sub- 
stantially. 

We believe that if prospective and exactly comparable 
rigorous methods were applied to classify the ROP found 
in Australian premature infants, closer agreement would 
be found with the natural rate of adverse outcome we 
reported. We agree with the importance ascribed by Drs 
Keith, Doyle, and Kitchen to identifying infants at highest 
risk of blindness to receive cryotherapy, and we hope to 
uncover more information on this point through longer 
follow-up of our prethreshold group, as well as our ran- 
domized control eyes. For now, this aim apparently can be 
accomplished by following in detail the protocol set by the 
CRYO-ROP Study. 

Threshold eyes left untreated have a risk-of unfavorable 
outcome of approximately 46%, whereas eyes treated with 
cryotherapy have a risk of unfavorable outcome of approx- 
imately 24%. As stated in our article, “these data lead us 
to recommend cryotherapy for at least one eye of symmet- 
ric cases at the threshold. For the fellow eye in such cases 
and for the single eye at threshold in asymmetric cases, the 
surgeon should use clinical judgment in the light of our 
findings.” The clinical significance of our data seems clear, 
despite the interesting observations contained in the letter 
from our Australian colleagues. 

EARL A. PALMER, MD 

ROBERT J. HARDY, PHD 

DALE L. PHELPS, MD 

DAVID B. SCHAFFER, MD 

CYNTHIA L. PHILLIPS 

BETTY TUNG, MS 

For the Cryotherapy for 
Retinopathy of Prematurity 
Cooperative Group 

Portland, Ore 


Apraclonidine Hydrochloride in Vitreoretinal Surgery 


To the Editor.—Topical 1% apraclonidine hydrochloride, 
an a-adrenergic agonist, reduces intraocular pressure in 
normal volunteers by approximately 40%.'! The onset of 
action occurs within one hour and the maximum intraocu- 
lar pressure reduction usually appears three to five hours 
after application of a single dose. Its efficacy in decreasing 
acute intraocular pressure elevation following anterior 
segment laser surgery has been demonstrated.? Apraclon- 
idine has not been approved by the Food and Drug 
Administration for use after retinal reattachment or 
vitreous surgery. We report the use of apraclonidine in two 

patients to reduce the intraocular pressure elevation fol- 
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lowing pneumatic retinopexy and nondrainage retinal 
reattachment surgery. 


Report of Cases.—PATIENT 1.—A 55-year-old man presented 
with pigmentary glaucoma that was controlled by 2% pilocarpine 
hydrochloride and 0.5% timolol maleate. The patient was allergic 
to acetazolamide sodium. Visual acuity was 20/25 and intraocular 
pressure was 18 mm Hg. Examination of the right eye demon- 
strated a 15° flap tear located at the 8-o’clock position, surrounded 
by a 90° bullous retinal detachment. One drop of 1% apraclonidine 
hydrochloride was instilled one hour before pneumatic retinopexy. 
Immediately after the injection of 0.6 mL of sulfur hexafluoride 
through the pars plana, paracentesis was performed to lower the 
intraocular pressure from 62 mm Hg to 13 mm Hg. The gas bubble 
expanded postoperatively and the intraocular pressure increased 
modestly, to 28 mm Hg and 23 mm Hg at two and six hours, 
respectively. On the first postoperative day the retina was reat- 
tached and intraocular pressure was 23 mm Hg. 

PATIENT 2.—A 20-year-old woman with retinopathy of prema- 
turity presented with a visual acuity of 20/100 and intraocular 
pressure of 14 mm Hg. Ophthalmoscopic examination demon- 
strated a shallow, macularly involved retinal detachment extend- 
ing clockwise from the 6:30 to 11:45 positions. This was due to a 
combination of retinal holes in lattice degeneration and peripher- 
al inferior traction. One hour before surgery, one drop of 1% 
apraclonidine hydrochloride was instilled. Because of the shallow 
subretinal fluid and the peripheral traction, a nondrainage scleral 
buckle procedure was performed using a very wide element 
extending over 240° with an encircling band. Intraoperatively, a 
second drop of 1% apraclonidine hydrochloride was instilled and 
500 mg of acetazolamide was administered intravenously. The 
buckle was highly imbricated without need of paracentesis. 
Twelve hours postoperatively the retina was attached with a high 
buckle and intraocular pressure was 28 mm Hg. On the second 
postoperative day, intraocular pressure decreased to 14 mm Hg. 


Comment.—Glaucoma can be a contraindication to 
pneumatic retinopexy because the rise in intraocular pres- 
sure associated with an expanding gas bubble may damage 
a compromised optic nerve. The most rapid rate of expan- 
sion of sulfur hexafluoride occurs during the initial 12 
hours, as demonstrated in an in vitro model.’ Apraclonid- 
ine, with its rapid onset and course of action similar to that 
of expansile gases, appears to be a helpful adjunct in 
controlling intraocular pressure following pneumatic reti- 
nopexy. 

In nondrainage procedures, a high scleral buckle is often 
required. In addition to osmotic agents, carbonic anhy- 
drous. inhibitors, 6-blockers, and paracentesis, apracloni- 
dine may be helpful in controlling intraocular pressure 
during buckle imbrication. 

Treatment of acute intraocular pressure elevation fol- 


lowing retinal reattachment surgery and vitrectomy pro- - 


cedures has been limited to the use of 8-blockers, carbonic 
anhydrase inhibitors, osmotic agents, and paracentesis. 
The use of these drugs may be limited by systemic adverse 
reactions or allergy. Apraclonidine may be effective in 
these cases to help reduce postoperative intraocular pres- 
sure elevation. 

JOSE S. PULIDO, MD 

Kim S. MALLICK, MD 

Scott R. SNEED, MD 

CHRISTOPHER F. BLopi, MD 

Iowa City 


This study was supported in part by an unrestricted grant from Research 
to Prevent Blindness Inc, New York, and the Retina Research Fund, 
University of Iowa, Iowa City. 

The authors do not have any commercial or proprietary interest in 
apraclonidine hydrochloride. 
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intraocular pressure elevation after anterior segment laser surgery. Oph- 
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Retinal Emboli After Open Heart Surgery 


To the Editor.—While in the early era of open heart 
surgery several studies reported a high incidence of perio- 
perative retinal emboli,'” only one report’ addressing this 
subject has been published since the late 1970s. Recently, 
we were faced with a case of retinal septic embolus, which 
prompted us to study the frequency of retinal emboli 
immediately after open heart surgery. 

The ocular fundi of 154 patients, who ranged in age from 
6 months to 77 years (mean, 45 years), undergoing open 
heart surgery were examined one to three days before 
surgery and again one day after surgery. The fundi were 
checked through dilated pupils (tropicamide and 10% 
phenylephrine hydrochloride [Neo-Synephrine]) with an 
indirect ophthalmoscope by one of the reporting ophthal- 
mologists. Fifty of the patients underwent coronary artery 
bypass; 81, valve surgery; and 23, correction of congenital 
heart disease. The range of bypass time was 40 to 391 
minutes, with a mean of 107 minutes. Standard techniques 
of cardiopulmonary bypass, using bubble oxygenators, 
moderate hypothermia, and cold potassium cardioplegia, 
were utilized. Arterial line filters were not used. 

The preoperative examination of the ocular fundi 
revealed various pathologic findings in 40 cases. 

One day following valve surgery, we identified a new 
finding in the fundi of ten patients: Of 81 cases, in four we 

found solitary flame-shaped hemorrhage; in two, solitary 
` soft exudate; in two, solitary dot hemorrhage; and in two, 
three and four Roth’s spots, respectively. The last two had 
mild fever and positive blood cultures, and they were 
treated with antibiotic drugs. In one case of known preop- 
erative subacute bacterial endocarditis, no significant 
findings were seen postoperatively. After all procedures 
other than valve surgery, fundus examinations showed no 
changes. No correlation was found between the fundus 
findings and the bypass time. 

Previous studies reported various types of retinal emboli 
as a complication of open heart surgery: blood particle 
macroaggregates, calcium, cholesterol or fat emboli, septic 
emboli, as well as air, antifoam substance, or tubing 
fragments that may act as emboli.’ The frequency of 
emboli in myocardial revascularization operations was 
lower than in valve surgery.' 

Blauth et al’ found retinal microvascular occlusions in 
all of ten patients who underwent fluorescein angiography 
intraoperatively during cardiopulmonary bypass. No 
patient in their group showed a new retinal pathologic 
feature for five to 14 days postoperatively. It correlates 
with the few findings in our study conducted one day 
postoperatively. We did not check the fundi during sur- 
gery, and we might have missed microemboli that existed 
at that time and disappeared within one day. 

The low number of significant retinal emboli, and the 
lack of clinically observed cerebral emboli in the group of 
patients we studied, accounts for the paucity of reports on 
this subject in recent literature. This correlates with 
refinements of surgical techniques in recent years: better 
oxygenators and tubing, shortened cardiopulmonary 
bypass time, and improved monitoring of intraoperative 
anticoagulation. In addition, we suggest that the finding of 
a septic retinal embolus in a patient with fever and 
positive blood cultures after open heart surgery should 
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alert the clinician to suspect infective endocarditis as the 
underlying disease. 
JACOB PE'ER, MD 
ELI MILGALTER, MD 
NELSON MATAMOROS, MD 
SHALOM SILBERMAN, MD 
Luis VIDAURRI, MD 
Jerusalem 


1. Gutman FA, Zegarra H: Ocular complications in cardiac surgery. Surg 
Clin North Am 1971;51:1095-1103. 

2. Williams IM: Intravascular changes in the retina during open heart 
surgery. Lancet 1971;2:688-691. 

3. Blauth C, Kohner EM, Arnold J, et al: Retinal microembolism during 
cardiopulmonary bypass demonstrated by fluorescein angiography. Lancet 
1986;2:837-839. 


New Spatula for Epiretinal Membrane Separation 


To the Editor.—Whatever the vitreous surgeon’s intention 
with an epiretinal membrane (peeling, segmentation, or 
delamination), the first step is to create space between the 
retinal surface and the membrane. I have designed a new 
instrument to accomplish this task (Figs 1 and 2). This 
20-gauge instrument can easily be introduced through the 
sclerotomy site and does not bend during manipulations. It 
is made of a special stainless and acid-resistant steel (KO 
36) and weighs 20 g. Its handle is 90 mm long, with a 
diameter of 6 mm, while the intraocular part has a length 
of 55 mm. The distal end has two bends (60° and 30°) that 
allow the spatula to slide under a membrane easily and 
make further manipulations possible without the danger 
of losing the already freed membrane. The instrument 
thus unites the advantages of the membrane peeler and the 
hooked membrane spatula,’ which are currently used for 
the same purpose. We have used our spatula in more than 
60 cases without observing any complications or disadvan- 
tages. 
FERENC KuHN, MD 
Pécs, Hungary 
The author has no proprietary interest in the spatula, which can be 


ordered from László Szontagh, Mechlabor, Z Szilva St, H-7682 Pécs, 
Hungary. 


1. Zivojnovié R: Silicone Oil in Vitreoretinal Surgery. Dordrecht, the 
Netherlands, Martinus Nijhoff Publishers, 1987, pp 30-31. 





Fig 1.—Spatula with 60° and 30° bends at distal end. Intraocular part 
is long enough to reach bottom of highly myopic eye. 


Fig 2.—Close-up view of distal end of spatula. 
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Two-Thirds Thickness Sponges for Retinal 
Reattachment Surgery 


To the Editor.—We have recently designed two-thirds 
thickness scleral sponges for use in retinal reattachment 
surgery. These new sponges have potential advantages 
over currently available full-thickness and newly intro- 
duced half-thickness scleral sponges.' A 5.0 X 3.0-mm 
sponge, as well as a 7.5 X 4.0-mm sponge, have been 
developed and are now available from the manufacturer. 
These sponges are manufactured by a closed-cell Silastic 
(silicone) scleral sponge process that covers all surfaces of 
the untrimmed product.’ 

Full-thickness sponges have been used by retinal detach- 
ment surgeons for many years in the repair of selected 
rhegmatogenous retinal detachments. The sponges are 
sometimes manually cut lengthwise before placement. The 
purpose of trimming these full-thickness scleral sponges is 
to lessen their external bulk without substantially reduc- 
ing their internal buckling effect. Although buckle thick- 
ness contributes somewhat to the amount of scleral inden- 
tation,’ it is well accepted that the suture separation 
distance is a major factor in determining buckle height.‘ 
By trimming sponges, the surgeon is also able to lessen the 
incidence of postoperative motility problems and to reduce 
the rate of postoperative extrusion and/or infection.’ Addi- 
tionally, an aesthetic difference can be appreciated 
between large untrimmed scleral sponges below the con- 
junctiva compared with their trimmed counterparts. 

When full-thickness scleral sponges were trimmed to 
one half of their full thickness, we found that there was a 
moderate amount of indentation at the sides of the scleral 
buckle corresponding to the site of the sutures. This often 
resulted in a variable width of the intended buckle (Figure, 
left). In some cases this leads to irregularity in the 
indenting effect of the scleral buckle when observed inter- 
nally. When full-thickness sponges were trimmed by 
approximately one third, we found that the added thick- 
ness gave a more regular and predictable width to the 
buckle (Figure, right). 

We have used 11 of these new two-thirds thickness 
scleral sponges in those cases in which partial-thickness 
sponges were an appropriate choice of buckle. These 
sponges, were used both radially and circumferentially. 

We have found that when partial circumferential buck- 
ling of the globe is carried out with sponges it is best to use 
two sutures per quadrant. This permits a uniform scleral 
buckling effect. For radial buckles, the length determines 
how many mattress sutures should be used to secure the 
sponge in place. 

FANE ROBINSON, MD 
ALEXANDER J. BRUCKER, MD 
Philadelphia 


These sponges are available from MIRA Inc, Waltham, Mass, and are 
given the numbers 517 (% X 7 mm) and 515 (% X 5 mm). 

The authors have no commercial or proprietary interest in this prod- 
uct. 
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Left, Half-thickness sponge with irregular indentation. Right, Two-thirds 
thickness sponge with regular indentation. 


Experimental Sutureless Synthetic Epikeratophakia 


To the Editor.—In the August 1988 issue of the ARCHIVES, 
Rostron et al' reported successful experimental epikerato- 
phakia in rabbits with the use of a biological adhesive, 
eliminating the need for any suturing. 

My colleagues and I? have been able to obtain similar 
results with synthetic epikeratophakia in monkeys, using 
type IV collagen lenses of human placental origin. A larger 
disparity between the diameter of the collagen lenticule (7 
mm) and the diameter of the trephination (4 mm) permit- 
ted successful epikeratophakia without suture and without 
adhesive. 

JOSEPH COLIN, MD 
Brest, France 


1. Rostron CK, Brittain GPH, Morton DB, et al: Experimental epikerato- 
phakia with biological adhesive. Arch Ophthalmol 1988;106:1103-1106. 

2. Colin J, Mader P, Volant A, et al: Essai d’utilisation de lenticule en 
collagène placentaire human dans la technique de l’épikératoplastie. J Fr 
Ophtalmol 1988;11:137-141. 


Intraocular Pressure in the Diabetic Retinopathy Study 


To the Editor.—We reanalyzed the Diabetic Retinopathy 
Study (DRS) data to address the questions posed by Dr 
Schiodte' in the October issue of the ARCHIVES concerning 
the possible effects on intraocular pressure (IOP) of the 
treatment type (argon laser vs xenon arc photocoagulator) 
and the use or nonuse of retrobulbar anesthesia. Differ- 
ence scores for IOP were computed from data for each pair 
of treated and untreated eyes. Using multiple independent 
t tests, group means were then compared at each of the ten 
visits at which IOP was recorded during the first five years 
of follow-up after randomization. There was no statistical 
significance (P >.01) or clinical significance (all mean 
differences were <0.5 mm Hg) found in any of the compar- 
isons examined between either of the treatment groups or 
the retrobulbar anesthesia groups. 

Our analysis of the data collected in the DRS revealed no 
evidence supporting the notion that panretinal photocoag- 
ulation might reduce IOP. We reported this finding previ- 
ously for the DRS data set taken as a whole’; the results 
reported in this letter indicate that the conclusion holds 
regardless of which form of panretinal photocoagulation 
treatment was given and regardless of whether retrobul- 
bar anesthesia was administered. 

STEVEN C. KAUFMAN, MD, MS 
FREDERICK L. FERRIS II], MD 
MANO Swartz, MD 

KATHRYN CHANTRY 

Bethesda, Md 


1. Schiodte N: Intraocular pressure and panretinal photocoagulation. 
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2. Kaufman SC, Ferris FL III, Swartz M, et al: Intraocular pressure 
following panretinal photocoagulation for diabetic retinopathy: Diabetic 
retinopathy report No. 11. Arch Ophthalmol 1987;105:807-809. 


Correspondence 


as 43 + ; 
THIN 


WASS 
RA 
MANN 


- 
TAS iS 
KESS 


Portrait of Noncompliance 


“Drive all day. Drive into night. | measure my 
time in miles, not in hours. And the only 
schedule | keep is the one that gets me to the 
next loading dock.” 


For many of your glaucoma 
patients, daily activity is just a blur 
xf days into nights. And normal 
‘outines—like tracking a medica- 
‘ion schedule—somehow get lost 
n the haze. 
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tions, including death due to bronchospasm in patients with asthma, and 
rarely death in association with cardiac failure, have been reported with topical 
application of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 
Cardiac Failure: Sympathetic stimulation may be essential for support of 
the circulation in individuals with diminished myocardial contractility, and 
its inhibition by beta-adrenergic receptor blockade may precipitate more 
severe failure. /n Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over a period of 
time can, in some cases, lead to cardiac failure. At the first sign or symptom 
of cardiac failure, BETAGAN should be discontinued. Non-allergic Broncho- 
spasm: In patients with non-allergic bronchospasm or with a history of non- 
allergic bronchospasm (eg., chronic bronchitis, emphysema), BETAGAN 
should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta, 
receptors. Major Surgery: The necessity or desirability of withdrawal of beta- 
adrenergic blocking agents prior to major surgery is controversial. Beta- 
adrenergic receptor blockade impairs the ability of the heart to respond to 
beta-adrenergically mediated reflex stimuli. This may augment the risk of 
general anesthesia in surgical procedures. Some patients receiving beta- 
adrenergic receptor blocking agents have been subject to protracted severe 
hypotension during anesthesia. For these reasons, in patients undergoing 
elective surgery, gradual withdrawal of beta-adrenergic receptor blocking 
agents may be appropriate. If necessary during surgery, the effects of beta- 
adrenergic blocking agents may be reversed by sufficient doses of such 
agonists as isoproterenol, dopamine, dobutamine or levarterenol (see OVER- 
DOSAGE). Diabetes Mellitus: Beta-adrenergic blocking agents should be 
administered with caution in patients subject to spontaneous hypoglycemia 
or to diabetic patients (especially those with labile diabetes) who are receiving 
insulin or oral hypoglycemic agents. Beta-adrenergic receptor blocking agents 
may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis: 
Beta-adrenergic blocking agents may mask certain clinical signs (eg. 
tachycardia) of hyperthyroidism. Patients suspected of developing thyro- 
toxicosis should be managed carefully to avoid abrupt withdrawal of beta- 
adrenergic blocking agents which might precipitate a thyroid storm. Con- 
tains sodium metabisulfite, a sulfite that may cause allergic-type reactions 
including anaphylactic symptoms and life-threatening or less severe asth- 
matic episodes in certain susceptible people. The overall prevalence of sul- 
fite sensitivity in the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in nonasthmatic people. 
PRECAUTIONS: General: BETAGAN® (levobunolol HC!) 0.5% Liquifilm® sterile 
ophthalmic solution should be used with caution in patients with known hyper- 
sensitivity to other beta-adrenoceptor blocking agents. Use with caution in 
patients with known diminished pulmonary function. In patients with angle- 
closure glaucoma, the immediate objective of treatment is to reopen the 
angle. This requires constricting the pupil with a miotic. BETAGAN has little 
or no effect on the pupil. When BETAGAN is used to reduce elevated intraocular 
pressure in angle-closure glaucoma, it should be used with a miotic and 
not alone. Muscle Weakness: Beta-adrenergic blockade has been reported 


to potentiate muscle weakness consistent with certain myasthenic symptoms 
(eg., diplopia, ptosis and generalized weakness). Drug Interactions: BETAGAN 
should be used with caution in patients who are receiving a beta-adrenergic 
blocking agent orally, because of the potential for additive effects on sys- 
temic beta-blockade. Although BETAGAN used alone has little or no effect 
on pupil size, mydriasis resulting from concomitant therapy with BETAGAN 
and epinephrine may occur. Close observation of the patient is recommended 
when a beta-blocker is administered to patients receiving catecholamine- 
depleting drugs such as reserpine, because of possible additive effects and 
the production of hypotension and/or marked bradycardia, which may 
produce vertigo, syncope, or postural hypotension. Animal Studies: No adverse 
ocular effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment of fertility: \n a life- 
time oral study in mice, there were statistically significant (p < 0.05) increases 
in the incidence of benign leiomyomas in female mice at 200 mg/kg/day 
(14,000 times the recommended human dose for glaucoma), but not at 12 
or 50 mg/ kg/day (850 and 3,500 times the human dose). In a two-year 
oral study of levobunolol HCI in rats, there was a statistically significant 
(p < 0.05) increase in the incidence of benign hepatomas in male rats 
administered 12,800 times the recommended human dose for glaucoma. 
Similar differences were not observed in rats administered oral doses equiva- 
lent to 350 times to 2,000 times the recommended human dose for 
glaucoma. Levobunolol did not show evidence of mutagenic activity in a 
battery of microbiological and mammalian in vitro and in vivo assays. 
Reproduction and fertility studies in rats showed no adverse effect on male 
or female fertility at doses up to 1,800 times the recommended human dose 
for glaucoma. Pregnancy Category C: Fetotoxicity (as evidenced by a greater 
number of resorption sites) has been observed in rabbits when doses of 
levobunolol HCI equivalent to 200 and 700 times the recommended dose a 
for the treatment of glaucoma were given. No fetotoxic effects have been 
observed in similar studies with rats at up to 1,800 times the human dose 
for glaucoma. Teratogenic studies with levobunolol in rats at doses up to 
25 mg/kg/day (1,800 times the recommended human dose for glaucoma) 
showed no evidence of fetal malformations. There were no adverse effects 
on postnatal development of offspring. It appears when results from studies 
using rats and studies with other beta-adrenergic blockers are examined, 
that the rabbit may be a particularly sensitive species. There are no adequate 
and well-controlled studies in pregnant women. BETAGAN should be used 
during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Systemic beta-blockers and topical timolol maleate are known 
to be excreted in human milk. Caution should be exercised when BETAGAN 
is administered to a nursing woman. Pediatric Use: Safety and effectiveness 
in children have not been established. ADVERSE REACTIONS: In clinical trials 
the use of BETAGAN has been associated with transient ocular burning and 
stinging in about one in four patients, and with blepharoconjunctivitis in about 
one in 20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and WARNINGS). The fol- 
lowing adverse effects have been reported rarely with the use of BETAGAN: 
lridocyclitis, headache, transient ataxia, dizziness, lethargy, urticaria and pru- 
ritus. Decreased corneal sensitivity has been noted in a small number of 
patients. Although levobunolol has minimal membrane-stabilizing activity, 
there remains a possibility of decreased corneal sensitivity after prolonged 
use. The following additional adverse reactions have been reported with 
ophthalmic use of beta, and beta, (non-selective) adrenergic receptor block- 
ing agents: BODY AS A WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, 
syncope, heart block, cerebral vascular accident, cerebral ischemia, con- 
gestive heart failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depres- 
sion. SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease), respiratory failure. ENDOCRINE: Masked symptoms 
of hypoglycemia in insulin-dependent diabetics (see WARNINGS), SPECIAL 
SENSES: Signs and symptoms of keratitis, blepharoptosis, visual disturbances 
including refractive changes (due to withdrawal of miotic therapy in some 
cases), diplopia, ptosis. Other reactions associated with the oral use of non- 
selective adrenergic receptor blocking agents should be considered poten- 
tial effects with ophthalmic use of these agents. 
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Treat the Peripheral Fundus 


How many times have you had to stop your laser pro- 
cedure to examine the peripheral fundus with an indirect 
ophthalmoscope? 


Laser Indirect 


HGM has now made it possible to treat areas that you could 
only examine before. The exceptional view offered by the 
new HGM Laser Indirect Ophthalmoscope makes it possible 
for you to see and treat the peripheral fundus like never 
before. With spot sizes ranging from 200 to 1000 microns, 

it facilitates a wide range of procedures from retinopexy to 
PRP. And as with all HGM accessories, connecting the 
Laser Indirect Ophthalmoscope is quick and easy. 


HGM continues to make your 
laser even more versatile. 





Designed for Your Laser 















The new HGM M-25 Slit Lamp is 
designed to precisely control and 
deliver laser energy. Microscope 
and laser beam are focused on the 
same plane at all times, 
giving you the accuracy 
needed for delicate macular 
treatments, combined with 
the power needed to perform 
iridotomy or trabeculoplasty with 
confidence. And setting up an HGM 
laser and slit lamp system 
will save you 
about $10,000 over 
other systems now available. 


To learn how an HGM laser and ophthalmic accessories can add a 
new dimension of precision and efficiency to your practice, call us 
at 1-800-447-0234. 
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Case Reports are subject to editorial review and will be published as space and editorial priorities permit. They will be listed 
by author and title in the table of contents, and authors and subjects are indexed by the major indexing services. 

Contributions to this section ordinarily do not exceed 500 words in length. There should be a maximum of three references. 
Two figures or one figure plus one table can be printed. 

The typescript should be double-spaced with a ragged right-hand margin and submitted in triplicate. A copyright transmittal 
letter signed by all authors must accompany the letter. Please refer to “Instructions for Authors” for additional 
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infiltrative Keratitis Associated With 
Disposable Soft Contact Lenses 


To the Editor.—The disposable soft 
contact lens (Acuvue, Vistakon Inc, 
Jacksonville, Fla), recently licensed 
for public use by the Food and Drug 
Administration, has a number of the- 
oretical advantages over the conven- 
tional extended-wear soft contact 
lens. Among these are reduced risks of 
corneal complications associated with 
extended-wear soft contact lenses 
from lens spoilage or poor patient 
compliance, patient convenience, in- 
creased patient comfort, and im- 
proved visual acuity.' This lens, made 
from etafilcon A polymer, is 58% 
water, and its measurements are 8.8 
mm base curve, 14.0 mm diameter, 
—0.50 to —6.00 diopters power. The 
manufacturer suggests wearing the 
lenses for 1 to 2 weeks, after which 
they are discarded. Between wearing 
cycles, one night without lenses is 
recommended. 

We report two cases of patients 
with sterile corneal infiltrates associ- 
ated with disposable extended-wear 
soft contact lenses. 


Report of Cases.—CASE 1.—A 28-year- 
old female ophthalmology resident with a 
10-year history of daily-wear soft contact 
lens use had been using the disposable soft 
contact lenses for approximately 4 months. 
These lenses fit centrally, provided full 
corneal coverage, and moved less than 0.5 
mm with each blink. Lenses were used for 1 
to 2 weeks at a time. At no time during 
each wearing cycle were the lenses taken 
out, cleaned, or sterilized. One day prior to 
discovering the infiltrate, the patient 
noted mild redness of her left eye. The 
lenses were left in place, and she retired 


Fig 1.—Case 1. Dense superficial corneal 
infiltrate (arrow) near temporal limbus in left 
eye. 


for the evening. She awakened during the 
night with severe discomfort, foreign-body 
sensation, and redness in her left eye, at 
which time she removed her lenses. 

She was examined the following morn- 
ing and was noted to have a single dense, 
approximately 0.5-mm corneal infiltrate 
(Fig 1) with a halo of increased stromal 
cellularity. Visual acuity was 20/20 OU. 
The conjunctiva was markedly hyperemic. 
The corneal lesion was superficial and 
stained positively with fluorescein. There 
was no anterior chamber reaction. The 
remainder of her ocular examination find- 
ings were unremarkable. Cultures and 
Gram’s stain revealed no causative orga- 
nisms. With culture results pending, she 
was started on a regimen of tobramycin 
sulfate and polymyxin B sulfate-neomycin 
sulfate-gramicidin (Neosporin) drops ey- 
ery hour, and noted gradual resolution of 
her symptoms over the next 3 days. Cul- 
tures were negative. 
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Fig 2.—Case 2. Superficial, paracentral cor- 
neal infiltrate (large arrow) with halo of corneal 
stromal cellularity and an adjacent epithelial 
defect (small arrow). 


CASE 2.—A 38-year-old woman with a 
long history of contact lens use began to 
use the disposable soft contact lens system 
5 weeks prior to the onset of her symptoms. 
The lenses fit centrally, moved less than 
0.5 mm with each blink, and covered the 
cornea completely. On the evening pre- 
ceding her ocular examination, the pa- 
tient noted mild irritation in her left 
eye. These lenses had been worn for 2 
days. The following morning, she noted 
increased redness, irritation, and foreign- 
body sensation in the same eye. She 
sought medical attention without remov- 
ing the lens. 

Initial examination was significant for 
marked hyperemia of the conjunctiva in 
the left eye, as well as a single paracentral 
corneal infiltrate measuring approximate- 
ly 0.5 mm in diameter. The infiltrate was 
localized to the epithelium and Bowman’s 
layer, stained positively with fluorescein, 
and was surrounded by mild anterior stro- 
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mal cellularity (Fig 2). Visual acuity was 
20/20 OU. The anterior chamber was with- 
out inflammation, and the rest of her 
ocular examination findings were unre- 
markable. A culture and Gram’s stain were 
obtained but failed to reveal any causative 
organisms. The patient was started on a 
regimen of tobramycin and cefazolin sodi- 
um drops every hour pending culture 
results. There was gradual resolution of 
the infiltrate over the following week. 


Comment. — Extended-wear soft 
contact lenses may predispose users to 
a variety of corneal abnormalities, 
including sterile and infectious corne- 
al infiltrates.* We report two cases of 
patients with previously undescribed 
infiltrates associated with 
disposable soft contact lenses. The 
cause of these infiltrates remains 
unclear. However, despite negative 
cultures, an infectious cause cannot be 
ruled out. In both cases, the lenses 
were immobile, suggesting that these 
infiltrates may be related to de- 
creased nutrient availability to the 
corneal epithelium during contact 
lens use. 

The disposable lens concept has a 
number of unique advantages, the 
most significant being the potential 
elimination of corneal infection. How- 
ever, it must be remembered that this 


_ lens system still utilizes the extended- 


wear concept. Therefore, corneal hyp- 
oxia, infection, and hypersensitivity 
reactions are still very real possibili- 
ties. Appropriate education and pre- 
cautions must be given to patients to 
alert them to the possibility of lens- 
induced infiltrative keratitis. 
CHRISTIAN L. SERDAHL, MD 
MARK J. MANNIS, MD 
Davip R. SHAPIRO, MD 
KARLA ZADNIK, OD 
JANIS M. LIGHTMAN, OD 
CLAUDIA PINILLA, MD 
Sacramento, Calif 
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Vibrio vulnificus Corneal Ulcer 


To the Editor.—Vibrio vulnificus is a 
halophilic, pleomorphic, gram-nega- 
tive rod that is ubiquitous in marine 
waters. Most V vulnificus infections 
occur in coastal states during the 
warm months in association with the 
ingestion or handling of shellfish.’ 
Although reported cases of serious 
wound infection and potentially fatal 
septicemia caused by V vulnificus are 
abundant,’ to our knowledge, this 
organism has been unreported in the 
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Case 1. One day before superficial keratectomy was performed, Vibrio vulnificus ulcer shows 
persistent epithelial defect and stromal necrosis. 


ophthalmic literature and only a sin- 
gle corneal isolate has been identified 
previously by the Centers for Disease 
Control, Atlanta.’ 


Report of Cases.—CASE 1.—A 21-year- 
old man with an irritated right eye was 
seen one day after he was employed shuck- 
ing oysters. The uncorrected visual acuity 
was 20/40 OD and 20/20 OS. The right eye 
showed a 3-mm corneal ulcer and a 5% to 
10% hypopyon. Every 30 minutes, the eye 
was treated topically with gentamicin sul- 
fate (9.1 mg/mL), cefazolin sodium (33 
mg/mL), and polymyxin B sulfate-bacitra- 
cin zinc-neomycin sulfate ointment. 

Gram’s staining showed only polymor- 
phonuclear leukocytes. The cultures 
yielded V vulnificus resistant to cefoxitin 
sodium. Laboratory data showed evidence 
of prior hepatitis A and B infection but 
normal liver function. 

Over the next two to three days, visual 
acuity declined to 20/200 OD as stromal 
edema worsened. Beginning on the sixth 
day, the eye was treated with 0.1% dexa- 
methasone sodium phosphate every six 
hours. The anterior chamber reaction and 
stromal edema resolved gradually, but the 
necrotic mass within the ulcer and an 
epithelial defect persisted. After nine days, 
a superficial débridement was performed. 
Cultures of this material were negative. 
Topical antibiotic treatment was decreased 
to every two hours for two days, after 
which all drops were discontinued, except 
for gentamicin every four hours. The epi- 
thelial defect persisted despite trials with 
a pressure patch, a bandage contact lens, 
and erythromycin ointment (Figure). A 
partial lamellar keratectomy and conjunc- 
tival flap were performed on day 24. Histo- 
pathologic examination of the corneal 
specimen showed only necrotic tissue over- 
lying corneal stroma. Two months after 
surgery, visual acuity was 20/20. 

CASE 2.—A 31-year-old man with a com- 


plaint of pain in the right eye was seen one 
day after injuring his right eye with a raw 
crab shell. Uncorrected visual acuity was 
hand motions at 3 cm ft in the right eye 
and 20/20 OS. The right eye showed a 
4.5-mm paracentral corneal ulcer and a 5% 
hypopyon. A subconjunctival injection of 
20 mg of gentamicin was given. Gentami- 
cin sulfate (9.1 mg/mL) and bacitracin 
(10000 U/mL) drops were applied alter- 
nately every 30 minutes. Gram’s stain of 
the corneal scraping showed gram-nega- 
tive rods, and on the second day of hospi- 
talization, gram-negative rods were re- 
ported to be growing on the culture plates. 
Vibrio was suspected as a pathogen and 
1% tetracycline hydrochloride suspension 
was substituted for bacitracin. On the 
fourth day of hospitalization, a prelimi- 
nary identification of Vibrio cholerae was 
made. On verification, the final report 
identified V vulnificus as the pathogen. 

During the first three days of therapy, 
improvement was marked. The frequency 
of antibiotic application was decreased to 
every hour. The ulcer decreased in size to 
3.7 mm but then remained unchanged. 
After nine days in the hospital, the patient 
was discharged while receiving a regimen 
of 0.8% tobramycin drops every one to two 
hours; on day 11, 1% prednisolone acetate 
every four hours was added. On day 14, a 
superficial débridement of the ulcer was 
performed. The frequency of the antibiotic 
treatment was decreased to four times a 
day. On day 22, the epithelial healing was 
complete. Six weeks later, the corrected 
visual acuity was 20/20. 


Comment.— Vibrio vulnificus is an 
invasive pathogen because of its pro- 
duction of a cytolytic exotoxin and 
extracellular enzymes that degrade 
tissue. Early identification of the 
pathogen in V vulnificus corneal 
infection is important to provide 
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appropriate therapy, but some labora- 
tories may have difficulty identifying 
Vibrio species. Blake et al' found that 
V vulnificus specimens submitted to 
the Centers for Disease Control had 
most often been misidentified by local 
laboratories as Vibrio parahaemolyti- 
cus, followed by Pseudomonas, Aero- 
monas hydrophilia, Plesiomonas shi- 
gelloides, and Serratia marcescens. 
Thus, other corneal infections caused 
by V vulnificus may have gone unrec- 
ognized. Alerting the laboratory that 
this pathogen is suspected will elicit 
the use of selective media, such as 
thiosulfate-citrate-bile salt-sucrose 
agar, and increase the chance of cor- 
rect identification.’ 

Vibrio vulnificus may be resistant 
to many of the antibiotics commonly 
used in ophthalmology, including 
cefoxitin, erythromycin, and gentami- 
cin. For the treatment of corneal 
infections, tetracycline is recom- 
mended, and débridement may be 
required. Vibrio vulnificus ocular 
infection may be more common than 
has been suspected, and this organism 
should be considered as a possible 
pathogen in corneal ulcers occurring 
after exposure to seawater or shell- 
fish. 

MARGARET DIGAETANO, MD 
STUART F. BALL, MD 
JEFFREY G. STRAUS, MD 
New Orleans 
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Retinitis Pigmentosa and Branch 
Retinal Artery Occlusion With 
Anticardiolipin Antibody 


To the Editor.—Anticardiolipin (AC), 
an antiphospholipid antibody, has 
been associated with thrombosis in 
patients with systemic lupus erythe- 
matosus and other autoimmune disor- 
ders.! Retinal arterial and venous 
occlusion has been reported in 
patients with AC antibodies, and 
with other antiphospholipid anti- 
bodies, such as the lupus anticoagu- 
lant or a false-positive VDRL test 
result. We found elevated IgG and 
IgM AC antibody levels in a man with 
retinitis pigmentosa (RP) who pre- 
sented with unexplained branch reti- 
nal artery occlusion. 


Report of a Case.—A diagnosis of RP 
was made in a 34-year-old man with a 
two-year history of poor night vision. His 
visual acuity was 20/25 OU, and a fundus 
examination showed arteriolar attenua- 
tion and mild peripheral retinal pigmen- 
tary changes. A visual field examination 
revealed generalized constriction, and elec- 
troretinography showed extinguished re- 
sponses bilaterally under scotopic and 
photopic conditions. His medical history 
was remarkable for the £-thalassemia 
trait, which was also present in other 
family members. 

Six months later, the patient presented 
with a three-week history of blurring in 
the right eye. Visual acuity was 20/70 OD 
and 20/25 OS. An examination of the right 
eye revealed retinal edema in the distribu- 
tion of a parafoveal branch retinal artery, 
and a flame hemorrhage on the margin of 
the optic disc. Fluorescein angiography 
showed delayed filling of a macular branch 
retinal artery, and blocked fluorescence in 
the regions of the retinal edema and nerve 
fiber layer hemorrhage, with increased 
late staining of the optic disc. A medical 
evaluation for an embolic source was unre- 
markable. Hematologic testing showed a 
reduced hemoglobin level of 129 g/L (nor- 
mal, 140 to 180 g/L) and a mean corpuscu- 
lar red blood cell volume of 62 um’? (normal, 
82 to 101 um?), which were consistent with 
his known -thalassemia trait. Platelet 
aggregation, procoagulant, and anticoagu- 
lant factor screens were normal. The IgG 
and IgM AC antibody levels measured by 
enzyme-linked immunosorbent assay were 
“low positive,” greater than 3 SDs above 
the mean for normal controls.' The retinal 
edema resolved without improvement in 
vision. The patient was started on 325 mg 
of aspirin daily, and had no further throm- 
botic events for five months. 


Comment.—Vascular occlusion is 
not a known complication of RP, and 
there are no clinical symptoms known 
to occur with the 8-thalassemia trait. 
An increased frequency of arterial 
and venous thrombosis has been iden- 
tified in patients with autoimmune 
diseases and AC antibody.' In patients 
with the distinct but closely related 
lupus anticoagulant identified by 
hematologic testing, an association 
between antiphospholipid antibodies 
and thrombosis was found only in 
certain subgroups.’ Differences in the 
two study populations might account 
for some diversity in the observations 
of these two groups. 

The presence of an AC antibody 
may predispose to thrombosis, while 
requiring additional risk factors for a 
vascular occlusion to occur.’ In our 
patient, the arteriolar attenuation 
from RP with reduced flow and ten- 
dency for sludging could represent 
such an additional risk for retinal 
artery occlusion. 

To our knowledge, the AC antibody 
has not been found with RP previous- 
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ly. Its presence in this patient may be 
purely coincidental. Alternatively, a 
possible association between anti- 
phospholipid antibodies and RP finds 
support in the fact that circulating 
antibodies against retinal antigens 
have been found in some patients with 
RP.’ 

We encourage other ophthalmolo- 
gists to consider testing patients for 
AC and other antiphospholipid anti- 
bodies in the event of unexplained 
ocular thrombosis. 

JOHN W. CROFTS, MD 
JULIAN J. NUSSBAUM, MD 
STEVEN R. LEVINE, MD 
JEFFREY C. Faic, MD 
Detroit 
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Monozygotic Twins Discordant for 
Duane’s Retraction Syndrome 





To the Editor.—Duane’s retraction 
syndrome (DRS) is a spectrum of ocu- 
lar motility anomalies characterized 
by limitation of horizontal ductions, 
globe retraction, and narrowing of the 
palpebral fissure.! An anatomic basis 
has been elucidated for some cases, 
and includes hypoplasia of the abdu- - 
cens nucleus or nerve and ipsilateral 
anomalous innervation of the lateral 
rectus by the oculomotor nerve. The 
cause has remained obscure because 
the syndrome’s varied presentation 
can be isolated and sporadic, familial, 
teratogenic, related to birth trauma, 
or associated with other congenital 
anomalies and syndromes. 

Studies of twins can provide insight 
into the importance of a genetic factor 
in disease, but there are surprisingly 
few reports of twins with DRS. Herein 
we describe a set of monozygotic twins 
discordant for DRS. 


Report of Cases.—Patient 1 was a 3- 
year-old boy with a left face turn and an 
inability to abduct the left eye since birth 
(Figs 1 and 2). At examination, his visual 
acuity was 20/30 OD and 20/40 OS with 
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Fig 1.—Monozygotic twins discordant for Duane’s retraction syndrome. Patient 1 (left), with 
Duane’s retraction syndrome of left eye and esotropia in primary gaze, maintains left face 
turn. 
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Fig 2.—Ocular motility. Patient 1 in right gaze (top left), primary gaze (top center), and left gaze 
(top right). Patient 2 in right gaze (bottom left), primary gaze (bottom center), and left gaze 


(bottom right). 


HOTY testing. Cycloplegic retinoscopy dis- 
closed +1.75 sphere OD and +0.25+0.75x90 
OS. He maintained a 20° left face turn. In 
right gaze the eyes were orthotropic. In 
primary gaze with the right eye fixing, 
there was 20 prism diopters of left esotro- 
pia; with the left eye fixing, there was 40 
prism diopters of right esotropia, both 
near and at a distance. Ductions were full 
in the right eye. The left eye did not abduct 
past the midline, showed a slight underac- 
tion of adduction without an upshoot or 
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downshoot, and had narrowing of the pal- 
pebral fissure in adduction. The remaining 
findings of the examination were normal. 

Patient 2 had normal results of an eye 
examination, without evidence of a motili- 
ty disturbance. Both parents were exam- 
ined and had normal ocular motility. There 
was no family history of eye disease. 

The twins were the products of an 
uncomplicated 35-week gestation and a 
normal spontaneous vaginal delivery. 
There were two placentas. At birth patient 





1 weighed 2126 g and patient 2 weighed 
2268 g. Postnatal development was normal 
in both boys. Serologic examination 
showed that the twins had Rh-positive, 
type O blood and had the same human 
leukocyte antigens A, B, and C, yielding a 
probability of monozygosity of 0.85.* The 
boys’ appearances were identical except for 
the ocular motility. 


Comment.—Patient 1 had features 
of DRS in the left eye, including lim- 
ited abduction and retraction of the 
globe with narrowing of the palpebral 
fissure on adduction. His monozygotic 
twin had normal ocular motility. 

Hoffman? reviewed all reported 
cases of DRS in monozygotic twins. 
Our patients represent only the third 
reported example of discordant DRS, 
of a total of seven known cases of DRS 
in monozygotic twins (although there 
is a probability of dizygosity of 0.15 in 
our patients). 

These numbers are still too small to 
draw conclusions about a genetic 
influence in DRS. Discordancy in 
monozygotic twins seemingly sug- 
gests an environmental cause or a 
postzygotic mutation. However, dis- 
cordancy is compatible with the 
genetic models of incomplete pene- 
trance or environmental modification 
of gene expressivity, even in individu- 
als with identical genetic informa- 
tion. 

LAWRENCE W. KAUFMAN, MD, PHD 
EUGENE R. Fok, MD 

MARILYN T. MILLER, MD 

Chicago 


1. Miller NR, Kiel SM, Green WR, et al: Uni- 
lateral Duane’s retraction syndrome (type 1). 
Arch Ophthalmol 1982;100:1468-1472. 

2. Smith SM, Penrose LS: Monozygotic and 
dizygotic twin diagnosis. Ann Hum Genet 1954/ 
55;19:273-289. 

3. Hoffman RJ: Monozygotic twins concordant 
for bilateral Duane’s retraction syndrome. Am J 
Ophthalmol 1985;99:563-566. 
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Group Health Cooperative of Puget 
Sound, a 360,000 member prepaid 
group practice, currently has a position 
for an Ophthalmologist. Referral only 
practice in a multi-specialty 
organization. 


To inquire, write: 
Director of Medical 
Staff Personnel 
Group Health Cooperative 
of Puget Sound 
521 Wall Street 
Seattle, WA 98121 


Affirmative Action/Equal Opportunity Employer 














e) Opthalmologist 


CHP, a leader in physician managed 
prepaid health care, is looking for a 
full-time, board certified/board 
eligible opthalmologist to join our 
multi-specialty staff at the Latham 
Health Center, just north of Albany, 4 
NY. We are a twelve-year-old, well- 
established, financially stable HMO 
which emphasizes high quality, 
cost-effective health care. We offer a 
competitive salary and a complete 
benefit package including 
malpractice, health, life and 
disability insurance, a fully vested 
pension plan and generous vacation 
and CME time. For more 
information please contact: 


Lynn G. Harris, Director 
Physician Recruiting 
COMMUNITY HEALTH PLAN, INC. 
1201 Troy-Schenectady Road 
Latham, NY 12110 1-800-544-4435 
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Keeping up-to-date is difficult. A year’s subscription to 

But there is help... ComputerScan costs only 
$100. To start your subscrip- 
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Pred Forte® 


(prednisolone acetate) 1.0% 
sterile ophthalmic suspension 





INDICATIONS AND USAGE: Pred Forte is indicated for the treatment 
of steroid responsive inflammation of the palpebral and bulbar 
conjunctiva, cornea and anterior segment of the globe. 


CONTRAINDICATIONS: Pred Forte is contraindicated in acute un- 
treated purulent ocular infections, acute superficial herpes sim- 
plex (dendritic keratitis), vaccinia, varicella and most other viral 
diseases of the cornea and conjunctiva, ocular tuberculosis, and 
fungal diseases of the eye. It is also contraindicated for individu- 
als sensitive to any components of the formulation. 


WARNINGS: Contains sodium bisulfite, a sulfite that may cause 
allergic-type reactions, including anaphylactic symptoms and life- 
threatening or less severe asthmatic episodes in certain suscept- 
ible people. The overall prevalence of sulfite sensitivity in the general 
population is unknown and probably low. Sulfite sensitivity is seen 
more frequently in asthmatic than in nonasthmatic people. 


In those diseases causing thinning of the cornea, perforation has 
been reported with the use of topical steroids. 


Since Pred Forte contains no antimicrobial, if infection is present, 
appropriate measures must be taken to counteract the organisms 
involved. 


Acute purulent infections of the eye may be masked or enhanced 
by the use of topical steroids. 


Use of steroid medication in the presence of stromal herpes simplex 
requires caution and should be followed by frequent mandatory 
slit-lamp microscopy. 


As fungal infections of the cornea have been reported coinciden- 
tally with long-term local steroid applications, fungal invasion may 
be suspected in any persistent corneal ulceration where a steroid 
has been used, or is in use. 


Use of topical corticosteroids may cause increased intraocular 
pressure in certain individuals. This may result in damage to the 
optic nerve, with defects in the visual fields. It is advisable that the 
intraocular pressure be checked frequently. 


Posterior subcapsular cataract formation has been reported after 
heavy or protracted use of topical ophthalmic corticosteroids. 


PRECAUTIONS: General: Patients with histories of herpes simplex 
keratitis should be treated with caution. 


Carcinogenesis, mutagenesis, Impairment of fertility: No studies 
have been conducted in animals or in humans to evaluate the 
potential of these effects. 


Pregnancy Category C: Prednisolone has been shown to be ter- 
atogenic in mice when given in doses 1-10 times the human dose. 
There are no adequate well-controlled studies in pregnant women. 
Prednisolone should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus. 


Dexamethasone, hydrocortisone and prednisolone were ocularly 
applied to both eyes of pregnant mice five times per day on days 
10 through 13 of gestation. A significant increase in the incidence 
of cleft palate was observed in the fetuses of the treated mice. 


Nursing Mothers: It is not known whether topical administration 
of corticosteroids could result in sufficient systemic absorption 
to produce detectable quantities in breast milk. Systemically admin- 
istered corticosteroids are secreted into breast milk in quantities 
not likely to have a deleterious effect on the infant. Nevertheless, 
caution should be exercised when topical corticosteroids are ad- 
ministered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions include increased intra- 
ocular pressure, which may be associated with optic nerve damage 
and defects in the visual fields, posterior subcapsular cataract 
formation, secondary ocular infections from fungi or viruses liber- 
ated from ocular tissues and perforation of the globe when used 
in conditions where there is thinning of the cornea or sclera. Sys- 
pear effects may occur rarely with extensive use of topical 
steroids. 


= ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc., Irvine, CA 92713 
©1988 


POSTDOCTORAL FELLOWSHIP 


Francis |. Proctor Foundation 
University of California, San Francisco 


The Francis |. Proctor Foundation for 
Research in Ophthalmology conducts a one 
to two year training program offering 
advanced clinical training and laboratory 
research on infectious and inflammatory 
diseases of the eye using techniques of 
immunology, microbiology, cell and molec- 
ular biology. Ongoing programs of the 
Foundation include clinical trials and 
research projects focused on ocular 
inflammatory diseases. Research support 
for U.S. citizens is available through a NIH 
departmental training grant or through 
individual applications to the NIH and 
other agencies. U.S. candidates should be 
board qualified ophthalmologists or post- 
doctoral scientists. However, applicants 
from outside the U.S. are also encouraged 
to apply. Applications for July 1990 fellow- 
ships will be accepted until March 31, 
1989. For further information and applica- 
tion forms, please write to: 


Chandler Dawson, M.D., Director 
F.I. Proctor Foundation, 
University of California 

San Francisco, CA 94143-0412 

Telephone: (415) 476-1441 





CORNEA AND 
EXTERNAL DISEASE 


Full-time faculty position 
available at level of Assist. 
Professor in the Dept. of 
Ophthalmology at 
Washington Univ. School 
of Med., St. Louis, MO. 
Responsibilities include 
clinical care, teaching and 
established interest in 
clinical or basic science 
research. Requirements 


include post-graduate 
training (fellowship) and 
Board certification or 
eligibility. 


Send qualifications and 
curriculum vitae to: 
Henry J. Kaplan, M.D. 
Chairman, Department 
of Ophththalmology 
Washington University 
Box 8096 

660 South Euclid Ave. 
St. Louis, MO 63110 
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Assistant Surgeons 


CHICAGO—The New York Ophthalmological Society is 
making one final effort to overturn a law prohibiting 
Medicare patients from paying for assistant surgeons for 
cataract operations even when they want to pay for the 
service out of their own pockets. 

By March 2, 1989, the ophthalmologists will file an 
appeal asking the full US Court of Appeals to rehear the 
case. The suit was originally filed in March 1987 as a result 
of the Consolidated Omnibus Reconciliation Act of 1986 
(COBRA), under which any assistant cataract surgeon is 
prohibited from “receiving any payment directly from 
Medicare patients intended as recompense” unless there 
exists a “complicating medical condition” to warrant his or 
her presence at the operation. The assistant’s participation 
had to be preapproved by a Peer Review Organization 
(PRO).'! Under the law, if indeed a patient does choose to 
have an assistant surgeon present and desires to pay for 
that service out-of-pocket, the patient must completely 
withdraw from any use of Medicare coverage and protec- 
tion for future procedures. 

In August 1988, a three-judge appellate court panel 
dismissed the suit. On December 2, 1988, the ophthalmolo- 
gists requested that the case be reheard with all appellate 
judges for the District of Columbia Circuit present. The 
request was denied. 

Jack R. Bierig of Sidley and Austin, the law firm 
representing the ophthalmologists, explained that this 
case is particularly important because it raises the funda- 
mental issue of the role of government in medical decision 
making. “According to Judge Mikva’s decision, there is no 
constitutional protection for this kind of decision making 
for a patient, at least in the absence of some indisputable 
medical necessity.” This restricts the patient’s choice to 
lessen the dangers of surgery by arranging and paying for 
an assistant surgeon.’ 

About 1 million cataract operations are performed each 
year, and nearly all patients are Medicare recipients.’ The 
presence of an assistant can be predicted in less than one 


y 


Michael D. Springer, 
Section Editor 
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| Final Plea for Medicare Payment for 


tenth of 1% of all cataract cases according to evidence 
introduced by the ophthalmologists.’ 

“We would have no problem with a law that says 
Medicare won’t pay,” said Bierig. “The government has a 
right to decide what it wants to pay for. This is a law that 
says that if you’re a Medicare patient, you cannot be 
charged at all for the services of an assistant for cataract 
surgery. The fact is that the patient cannot pay even with 
his or her own private funds. 

“In my opinion, the case really transcends the specific 
issue of assistants in cataract surgery. The question is 
whether a patient has the freedom to decide to purchase 
with his or her own money a service which is lawful, which 
even the government acknowledges has no down side and 
has some possibility for lowering or improving the out- 
come.” 

Attorneys for the Health Care Financing Administra- 
tion argued that the intention of the Congress to prohibit a 
Medicare patient from using personal funds for an assis- 
tant cataract surgeon was based on fears that physicians 
might take unfair advantage of patients and bill them for 
services that were unnecessary. 

In the decision, “the court agreed that if the Constitu- 
tion protects the right to decide whether to procure the 
services of an assistant on a physician’s advice, then the 
challenged statute impermissibly infringes that right, in 
the absence of a compelling justification. The court dis- 
agreed that the constitutional right to privacy protects all 
choices made by patients and their physicians. To confer 
privacy protection on all medical determinations, no mat- 
ter what their nature or consequences, would go far beyond 
the court’s traditional privacy purview.” 

The court will soon decide the fate of this law and may 
thus establish an important legal precedent for the role of 
government in medical decision making. 

JULIE FOREMAN 


1. McGinn PR. Ophthalmologists seek high court hearing on medicare 
suit. American Medical News. January 13, 1989. 

2. COBRA ban on assistant cataract surgeons upheld. The Citation. 
1989;58:2. 

3. Springer MD: Preliminary injunction denied: curb on surgical assis- 
tants still pending. Arch Ophthalmol. 1987;105:466. 
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Book Reviews 


Textbook of Ophthalmic Plastic 
and Reconstructive Surgery, by Roger 
Kohn, 344 pp, with 364 illus, Philadel- 
phia, Lea & Febiger, 1988, $95. 


Over the past several years, there 
has been a considerable increase in 
the number of ophthalmic subspecial- 
ty books published. The field of oculo- 
plastics is no exception, as I can think 
of at least a dozen books in this field 
that have been printed in the past two 
or three years. The text reviewed 
herein is the sequel to a book written 
in 1976, Practical Ophthalmic Plastic 
and Reconstructive Surgery, by Drs 
Merrill J. Reeh, Charles K. Beyer, and 
Gerald Shannon. Dr Kohn is a profes- 
sor in the Department of Ophthalmol- 
ogy at the UCLA School of Medicine 
in Santa Barbara, Calif. 


“...an excellent sequel to the 


first edition...” 


The text is divided into 16 chapters, 
with the first two dealing with anato- 
my and physiology of the orbit and 
eyelids, along with discussing the 
basic principles of wound healing and 
repair. Chapters 3 and 4 are about 
congenital anomalies and craniofacial 
abnormalities, in the latter section of 
which is a well-written review of an 
area of facial surgery, about which 
little is known to most ophthalmolo- 
gists. Chapters 5 through 9 deal with 
common oculoplastic procedures, such 
as blepharoptosis, ectropion and 
entropion, blepharoplasty, and thy- 
roid disease with its related eyelid 
disease and orbitopathy. The remain- 
ing seven chapters cover eyelid 
tumors, including different modes of 
lid reconstruction, conjunctival and 
lacrimal surgery, essential blepharo- 
spasm, orbital tumors, and orbital 
and periorbital fractures. 

The textbook’s most positive fea- 
ture is its continuity. This is due to 
the fact that the reader does not have 
to adjust to different writing styles. 
The author has also attempted to pro- 
vide the reader with time-tested tech- 
niques for each of the more basic and 
common oculoplastic surgical proce- 
dures. In addition, the large number 
of illustrations in the text are clearly 
marked and easily followed. 

The only two chapters of outside 
authorship in the book do not detract 
from its content. Dr Andrew Choy’s 
chapter on craniofacial abnormalities, 


in which he discusses the latest surgi- 
cal techniques for correcting the dis- 
figuring defects of such anomalies as 
Crouzon’s and Apert’s syndromes, 
causes the reader to appreciate the 
modern era’s astonishing advance- 
ment in aggressive craniofacial surgi- 
cal intervention. In another chapter, 
Dr James Orcutt has added a compre- 
hensive discussion of orbital tumors, 
with up-to-date consideration of diag- 
nostic and treatment modalities. 
Technological advances in computed 
tomographic and magnetic resonance 
image scanning are reviewed by Dr 
Orcutt, along with management of the 
more-common orbital diseases. 

In summary, I consider this book to 
be an excellent review of current ocu- 
loplastic and orbital diagnostic tech- 
niques and treatments; it is well-writ- 
ten and contains lucid illustrations. 
Dr Kohn should be congratulated for 
compiling an excellent sequel to the 
first edition, and I would highly rec- 
ommend it to general ophthalmolo- 
gists who desire to know more about a 
specific area of oculoplastics, or to 
oculoplastic surgeons who desire a 
concise, organized, and well-written 
text to add to their library. 

DANIEL TOWNSEND, MD 
Boston 


Diagnostic Picture Tests in Oph- 
thalmology, by M. Ruben and S. Ruben, 
128 pp, with 200 illus, Chicago, Year 
Book Medical Publishers Inc, 1987, 
$17. 


Ophthalmology is a field of medi- 
cine that relies heavily on visual rec- 
ognition of abnormalities in making 
clinical diagnoses. Diagnostic Picture 
Tests in Ophthalmology is a collection 
of over 200 color photographs with 
accompanying questions. Most of the 
pictures are clinical photographs. 
However, the book also includes eight 
pathologic photomicrographs, three 
sets of visual fields, and one diagram 
of an optical system. 

While ophthalmology lends itself to 
this format of testing, the authors 
accurately note in their preface that 
“this is a random selection of illustra- 
tions that can be used as a basis for 
the recognition of eye diseases and 
does not systematically cover the field 
of ophthalmology.” This book is by no 
means a comprehensive atlas of oph- 
thalmologic diagnosis. It is, however, 
a well-illustrated question-and-an- 
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swer-type teaching and review manu- 
al that does an excellent job of illus- 
trating and discussing a number of 
the common and uncommon disorders 
in various ophthalmic subspecialties, 
with an emphasis on retinal, corneal, 
and external disease. 


“...will challenge not only 


medical students but also ophthal- 
mology residents, fellows, and 
practicing ophthalmologists.” 


The photographs are of high quali- 
ty, and the clinical illustrations are 
well drawn. Most questions relating to 
the photographs stimulate thought on 
differential diagnosis, treatment, or 
other associated facts in addition to 
the diagnosis of the clinical entity 
depicted in the photograph. Unfortu- 
nately, the answers located in the 
back of the book are brief and do not 
provide a discussion of the eye condi- 
tions that are presented. 

The breadth and level of difficulty 
of the questions will challenge not 


only medical students but also oph- 


thalmology residents, fellows, and 
practicing ophthalmologists. Common 
ocular disorders, such as basal cell 
carcinomas of the eyelids, are pre- 
sented, but there are more than 
enough pictures of entities such as 
corneal leprosy and Vogt-Koyanagi- 
Harada syndrome to tantalize even 
the most astute diagnostitian. 

Occasionally, information pre- 
sented in the pictures is suboptimal to 
clearly enable the reader to make the 
“correct” diagnosis, necessitating ref- 
erence to the back of the book for the 
intended answer. Most questions are 
well written and straightforward, 
with some even amusing. For exam- 
ple, a photograph of a small pig- 
mented conjunctival lesion is shown, 
and the authors ask if Sherlock 
Holmes would find the lesion of foren- 
sic interest. The answer reads, “Yes— 
gunpowdered tattooing of the con- 
junctiva.” 

The book fulfills its intended pur- 
pose of providing a random selection 
of photographs and accompanying 
questions on a wide variety of oph- 
thalmic diseases and clinical situa- 
tions. As a test of clinical skills, this is 
a book that many readers will find 
both entertaining and educational. 

Scott M. Wuitcup, MD 
Boston 
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Francis A. L'Esperance, Jr, MD 


Francis A. L’Esperance, Jr, MOD, 
Receives Arthur L. Schawlow Award 
From the Laser Institute of America.— 
Francis A. L’Esperance, Jr, MD, of New 
York, NY, received the Arthur L. 
Schawlow Award from the Laser 
Institute of America at the Seventh 
International Congress on Applica- 
tions of Lasers and Electro-Optics 
(ICALEO 88), October 30 through 
November 4, 1988, in Santa Clara, 
Calif. Dr L’Esperance, a Laser Insti- 
tute of America member, is Professor 
of Clinical Ophthalmology at Colum- 
bia University, New York, NY, College 
of Physicians and Surgeons, and is on 
the staff of the Columbia-Presbyteri- 
an Medical Center. The Schawlow 
Award was established by the Laser 
Institute of America in 1982 to recog- 
nize individuals who have made dis- 
tinguished contributions in applica- 
tions of lasers for science, industry, or 
education. The award honors the first 
recipient, Dr Arthur L. Schawlow, the 
1981 Nobel Laureate in Physics. 


Food and Drug Administration Safety 
Alert on Homemade Saline Solutions for 
Contact Lenses.—The Food and Drug 
Administration (FDA) is requesting 
that eye care professionals alert 
patients to the hazards of improperly 
using homemade saline solutions in 
caring for contact lenses. Patients 
need to know that improper use can 
result in serious infections that could 
cause blindness. 

Homemade saline solutions, gener- 
ally prepared by dissolving salt tab- 
lets or capsules in distilled water, are 
nonsterile and may be contaminated 
with such pathogenic microorganisms 
as bacteria and Acanthamoeba. These 
solutions can be safely used in the 
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heat disinfection of contact lenses 
because the high temperatures are 
sufficient to kill the organisms. 

If homemade saline solutions are 
used improperly—that is, as a rinse or 
eye drop after heat disinfection, or 
with chemical disinfections of the 
lenses—serious infections can result. 
(It has been shown that some chemi- 
eal disinfection systems do not kill 
certain species of Acanthamoeba.) In 
July 1987, the Centers for Disease 
Control, Atlanta, Ga, reported a case- 
control study that showed an associa- 
tion between the use of homemade 
saline solutions and Acanthamoeba 
infections (JAMA. 1987;257:57-60). 
Although these infections represent 
only a small proportion of all ocular 
infections, it is a very painful and 
debilitating condition that is difficult 
to treat and may lead to blindness. 

Homemade saline is only one source 
of Acanthamoeba infection. Acantha- 
moebae are ubiquitous in the environ- 
ment and have caused eye infections 
among noncontact lens wearers. How- 
ever, the recent increase in reported 
infections among soft contact lens 
wearers has elevated the concern of 
the ophthalmic community and the 
FDA. 

To address this problem, the FDA is 
requesting stronger warnings on salt 
tablet and salt capsule containers. 
Contact lens wearers are strongly 
advised to do the following: (1) Use 
homemade saline solutions only 
before or during heat disinfection. (2) 
Never use after heat disinfection. (3) 
Never use with chemical or hydrogen 
peroxide disinfection. (4) Never use in 
the eye or as a wetting solution. 
(5) Prepare fresh saline solution 
daily. (6) Sterilize solution bottle 
with boiling water at least once a 
week. 

Comments or questions should be 
addressed to Richard E. Lippman, OD, 
FAAO, Director of Division of Oph- 
thalmic Devices, 8757 Georgia Ave, 
Room 440, HFZ-460, Silver Springs, 
MD 20910. 


Thaddeus S. Nowinski, MD, Promoted 
at Wills Eye Hospital.—Thaddeus S. 
Nowinski, MD, of Lansdale, Pa, has 
been promoted to Assistant Surgeon 
on the Oculoplastic Service at Wills 
Eye Hospital, Philadelphia, Pa. Dr 
Nowinski received his undergraduate 
degree from the University of Scran- 
ton (Pa) in 1976 and his medical 
degree from Jefferson Medical Col- 
lege, Philadelphia, in 1980. He then 
served a residency in ophthalmology 
at Wills Eye Hospital before serving a 
fellowship in oculoplastic/orbital/ 
oncologic surgery at the University of 
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Thaddeus S. Nowinski, MD 


Utah, Salt Lake City, Utah. A fellow 
of the American Academy of Ophthal- 
mology, Dr Nowinski is also a member 
of the Pennsylvania Academy of Oph- 
thalmology and Otolaryngology, the 
American Society of Ophthalmic 
Plastic and Reconstructive Surgery, 
and the Philadelphia Society of Facial 
Plastic Surgeons. 


Alexander A. Aimette, MD, Is Promot- 
ed at Wills Eye Hospital.—Alexander A. 
Aimette, MD, of Souderton, Pa, has 
been promoted to Associate Surgeon 
on the Cataract and Primary Eye 
Care Service at Wills Eye Hospital, 
Philadelphia, Pa. Dr Aimette holds an 
undergraduate degree from the Uni- 
versity of Detroit (Mich) and a 
master’s degree from Columbia Uni- 
versity, New York, NY. He received 
his medical degree from Rutgers Med- 
ical School, New Brunswick, NJ, in 
1976 and completed a residency in 
ophthalmology at Wills Eye Hospital 
in 1980. 


Wills Eye Hospital and Jefferson Med- 
ical College Receive Grant for Eye 
Research.— Wills Eye Hospital and 
Jefferson Medical College of Thomas 
Jefferson University, Philadelphia, 
Pa, have received a $40 000 grant from 
Research to Prevent Blindness Inc, 
New York, to support ongoing 
research into the causes, treatment, 
and prevention of blindness. Investi- 
gators at Wills Eye Hospital are cur- 
rently researching retinoblastoma. 
Research to Prevent Blindness Chair- 
man Lew R. Wasserman noted that 
judicious support of vision research 
by government and private philan- 
thropy can reduce the tragedy of 
visual impairment, in addition to 
being a cost-effective investment in 
public health. Research to Prevent 
Blindness awards are made annually 
to more than 57 medical schools 
throughout the nation. 
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William W. Vallotton, 1927-1988 


William W. Vallotton, Distin- 
guished Professor Emeritus of Oph- 
thalmology, died on September 4, 
1988, in Charleston, SC. He was born 
on November 26, 1927, in Valdosta, 
Ga. He graduated from Duke Univer- 
sity in 1947 with a bachelor’s degree in 
zoology and chemistry and received 
his medical degree in 1952 from the 
Medical College of Georgia. He did 
additional postgraduate work at Har- 
vard University, Duke University, the 
Armed Forces Institute of Pathology, 
and the US Naval Hospital in Beau- 
fort, SC. 

Dr Vallotton joined the faculty of 
the Medical University of South Caro- 
lina in 1958 as Associate Professor of 
Ophthalmology. He was promoted to 
Professor in 1965 and served as the 
Department of Ophthalmology’s first 
full-time Chairman between 1967 and 
1986. He has also served as Director of 
Residency Training in Ophthalmology 
and the Ophthalmic Technician/ 
Orthoptic Preceptorship programs 
sponsored by the College of Allied 
Health Sciences. He retired from 
practice in June 1987 and subsequent- 
ly received the honor of Distinguished 
Professor Emeritus. 

Dr Vallotton was a Diplomate of 
the American Board of Ophthalmolo- 
gy and a Fellow of the American 
Academy of Ophthalmology. He held 
membership in local, national, and 
international societies, and received 
an American Academy of Ophthal- 
mology Honor Award in 1968. He pre- 
sided over the design and construction 
of the Storm Eye Institute, which 
opened in 1976. He was responsible for 
many medical “firsts” in South Caro- 
lina, including the first approved resi- 
dency training program in ophthal- 
mology, the first corneal transplan- 
tation, the first successful use of 
phacoemulsification in cataract sur- 
gery, the first ophthalmic laser sur- 
gery, and the first use of the binocular 
indirect ophthalmoscope. He was also 
the first ophthalmologist in South 
Carolina to become a member of the 
New York Academy of Science, Amer- 
ican Men and Women in Science, and 
was named to Who’s Who in America 
and Who’s Who in the World. The 
Vallotton Chair of Biomedical Engi- 
neering was recently established by 
the Medical University of South Caro- 
lina and is now held by David Apple, 
MD. 

In appreciation of this service, the 
following resolution is submitted: 


Whereas, Doctor William W. Vallotton 
provided three decades of service to the 
Medical University of South Carolina, both 
in the care of his patients and the teaching 
of his students and colleagues, 

Whereas, his foresight and determina- 
tion in establishing the first tertiary eye 
care center in South Carolina, 

Whereas, his dedication and commit- 
ment to the well-being of his friends, facul- 
ty, and department, 

Be it therefore resolved 

That we, the faculty and staff of the 
Medical University of South Carolina, are 
deeply saddened by the loss of our friend 
and colleague, 

That we continue his dedication and 
devotion to his chosen profession. 

RICHARD A. SAUNDERS, MD 

R. RAWLING PRATT-THOMAS, MD 
GRADY HENDRIX, MD 
Charleston, SC 


ALVIS, Edmond Ochs, 93, Indianapolis, 
Ind; Indiana University School of 
Medicine, 1921; certified by the Amer- 
ican Board of Ophthalmology; died 
November 5, 1988. 


BECKER, Sidney F., 72, Palm Desert, 
Calif; University of Minnesota School 
of Medicine, 1944; residency, Veterans 
Administration Medical Center, 1952; 
certified by the American Board of 
Ophthalmology; died September 8, 
1987. 


BROWN, Luther Edward, 50, Macon, 
Ga; Medical College of Georgia, 
School of Medicine, 1965; certified by 
the American Board of Ophthalmolo- 
gy; died October 6, 1988. 


COSTON, TULLOS O., 83, Oklahoma 
City, Okla; The Johns Hopkins Uni- 
versity School of Medicine, 1930; resi- 
dency, The Johns Hopkins Hospital, 
1935; certified by the American Board 
of Ophthalmology; died October 21, 
1988. 


DIAS, John F., 78, New Bedford, Mass; 
Tufts University School of Medicine, 
1935; certified by the American Board 
of Ophthalmology; died August 14, 
1988. 


EDGAR, Erwood G., 72, Toledo, Ohio; 
Harvard Medical School, 1941; certi- 
fied by the American Board of Oph- 
thalmology; died October 23, 1988. 


FRIED, Joseph John, 91, New York, NY; 
Deutsche University Medical Fak, 
Praha, Czechoslovakia, 1922; certified 
by the American Board of Ophthal- 
mology; died September 7, 1988. 


GORIN, George, 79, New York, NY; 
Université de Genéve, Fac de Méde- 
cine; Genéve, Switzerland, 1935; certi- 
fied by the American Board of Oph- 
thalmology; died July 12, 1988. 


GUNZBURG, Julian, 80, Calabasas, 
Calif; University of Colorado Health 
Science Center, School of Medicine, 
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1935; residency, Los Angeles County 
University of Southern California 
Medical Center, 1938; certified by the 
American Board of Ophthalmology; 
died September 29, 1988. 


HARRIS, Leigh Jonathan, 36, New ` 
York, NY; New York Medical College, 
1977; certified by the American Board 
of Ophthalmology; died August 21, 
1988. 


LEINFELDER, Placidus J, 83, Iowa 
City, Iowa; University of Wisconsin 
Medical School, 1929; certified by the 
American Board of Ophthalmology; 
died November 9, 1988. 


MILAM, Daniel Franklin, 62, Bellevue, 
Wash; Harvard School of Medicine, 
1948; residency, Massachusetts Eye 
and Ear Infirmary, 1955; certified by 
the American Board of Ophthalmolo- 
gy; died November 30, 1988. 


PIEPERGERDES, Larry G, 51, Inde- 
pendence, Mo; University of Missouri, 
Columbia School of Medicine, 1964; 
residency, University of Iowa Hospi- 
tals and Clinics, 1971; certified by the 
American Board of Ophthalmology; 
died November 4, 1988. 


RAMBO, Victor Clough, 92, California, 
Ky; University of Pennsylvania 
School of Medicine, 1921; certified by 
the American Board of Ophthalmolo- 
gy; died May 23, 1988. 


RAY, George Homer, 85, Livermore, 
Ky; University of Louisville School of 
Medicine, 1929; residency, New York 
Eye and Ear Infirmary, 1944; certified 
by the American Board of Ophthal- 
mology; died July 6, 1988. 


REGAN, William F, 62, Boston, Mass; 
Tufts University School of Medicine, 
1953; residency, Manhattan Eye, Ear, 
and Throat Hospital, 1957; certified 
by the American Board of Ophthal- 
mology; died October 19, 1988. 


SHEPHERD, Edward McRae, 77, 
Charleston, WVa; Cornell University 
Medical College, 1937; residency, 
Bellevue Hospital Center, 1941; certi- 
fied by the American Board of Oph- 
thalmology; died October 24, 1988. 


SURHIO, Ghulam Hussain, 61, Blacks- 
burg, Va; Liaquat Medical College, 
Jamshore, Hyderabad, Pakistan, 1963; 
certified by the American Board of 
Ophthalmology; died October 2, 1988. 


WILSON, Charles Frederick, 67, Pike- 
ville, Ky; University of Louisville 
School of Medicine, 1944; residency, 
Rush-Presbyterian St Luke’s Medical 
Center, 1949; certified by the Ameri- 
can Board of Ophthalmology; died 
October 13, 1988. 


WORDEN, Donald King, 87, Lewiston, | 
Idaho; University of Nebraska College 
of Medicine, 1925; died July 23, 1987. 


Obituaries 
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INDICATIONS: Genoptic Liquifilm sterile ophthalmic solution is indi- 


cated in the topical treatment of infections of the external eye and 
its adnexa caused by susceptible bacteria. Such infections include 
conjunctivitis, keratitis and keratoconjunctivitis, corneal ulcers, 
blepharitis and blepharoconjunctivitis, acute meibomianitis, and 
dacryocystitis. CONTRAINDICATIONS: This product is contraindicated 
in patients with known hypersensitivities to any of its components. 
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use of topical antibiotics may give rise to overgrowth of nonsuscepti- 
ble microorganisms, such as fungi. Should this occur, or if irritation 
or hypersensitivity to any component of the drug develops, discon- 
tinue use of the preparation and institute appropriate therapy. 
Carcinogenesis, mutagenesis, impairment of fertility: There are no 
published carcinogenicity or impairment of fertility studies on gen- 
tamicin. Negative results have been reported on the mutagenicity of 
aminoglycoside antibiotics. Pregnancy Category C: Gentamicin has 
been shown to depress newborn body weights, kidney weights and 
median glomerular counts in rats when administered systemically in 
daily doses of approximately 500 times the maximum recommended 
ophthalmic dose in humans. There are no adequate and well-con- 
trolled studies in pregnant women. Gentamicin should be used during 
pregnancy only if the potential benefit justifies the potential risk to the 
fetus. ADVERSE REACTIONS: Transient irritation has been reported with 
the use of topical ophthalmic gentamicin sulfate. 
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NEW YORK EYE AND 
EAR INFIRMARY 


GLAUCOMA FELLOWSHIP 


Additional Fellowship opening for July, 1989. Extensive 
laser, surgical and clinical experience. Approximately 
15,000 glaucoma visits annually, Numerous clinical 
research projects. National Glaucoma Laser Trial Center. 
Pathophysiologic mechanisms of angle-closure glaucoma 
and secondary glaucomas. Computer applications. Octo- 


pus 201R, Humphrey perimeters. Rodenstock optic 
nerve head analyzer. New York State License required. 
Salary $33,000 plus benefits and malpractice insurance. 
Contact: 


Robert Ritch, M.D. 
Professor and Chief, Glaucoma Service 
New York Eye and Ear Infirmary 
310 East 14th Street 
New York, N.Y. 10003 
Tel. (212) 477-7540 
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Editorial 


Excitotoxins: 


Ts PS IS a ae 
WES A 


A Possible New Mechanism for 


the Pathogenesis of Ischemic Retinal Damage 


A series of recent articles in the neurology litera- 
ture described an interesting new putative 
mechanism for central nervous system damage 
caused by ischemia, hypoglycemia, and, possibly, 
some hereditary neurologic degenerations as well 
(the latter include Huntington’s disease and a type of 
 olivopontocerebellar atrophy).’” The common mecha- 
‘ nism thought to underlie these diverse pathologic 
processes is the presence of excessive amino acid 
neurotransmitters, specifically, glutamate and 
aspartate, which can lead to neuronal cell swelling, 
lysis, and death. The term excitotoxin has been used 
to describe the dual action of these amino acid 
substances: neuronal excitation under normal condi- 
tions and cell toxicity when they are present in 
excess.’ 





See also p 409. 





It has been known for some time that glutamate, 
when administered systemically or applied locally to 
the brain or retina in animal experiments, causes a 
degeneration of neuronal tissue. In the neonatal 
mouse and rat, for example, systemic administration 
of sublethal doses of sodium L-glutamate causes 
degeneration of the ganglion cells and inner nuclear 
layer (especially the amacrine cells) of the retina, 
with relative sparing of the outer retinal layers and 
the Müller cells." The preservation of photorecep- 
tors and loss of inner retinal layers is associated 
with an electroretinogram consisting of an intact a 
wave and absent b wave.’ 

In one of these early studies, Olney and colleagues’ 
noted that the extent of damage produced in the 
central nervous system by a series of systemically 
administered glutamate analogs correlated positive- 
ly with their excitatory properties, suggesting a 
possible link between the excitatory and toxic 
actions of these substances. More recent studies have 
produced evidence suggesting that the release of 
endogenous glutamate may provide a damage mech- 
anism for ischemic injury of central-nervous-system 
tissue. 

Experimentally induced cerebral ischemia or 
hypoglycemia in animals has been shown to cause 
the release of excess endogenous glutamate and 
aspartate into the ischemic tissue.” It is thought that 
the binding of the excess glutamate on postsynaptic 
dendritic receptor sites increases the permeability of 
the dendritic cell membrane, allowing excess ions 
and water to enter the neuronal cells, with subse- 
quent cell damage. In adult humans, global cerebral 
ischemia, which occurs in low-perfusion states, 
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causes preferential damage of the cerebral cortex 
and hippocampus, areas rich in receptors for gluta- 
mate.? A recent study” using cultured dispersed cells 
from the hippocampus exposed to glutamate showed 
that the excess glutamate induces the influx of 
sodium ions, which in turn leads to a passive influx 
of chloride ions and subsequent osmotic swelling and 
lysis of the cells. Elimination of chloride ions from 
the cell culture medium (and substituting an imper- 
meant anion, sulfate) prevented the pathologic 
changes; substitution of sodium by an impermeant 
cation also inhibited amino acid excitotoxicity, pre- 
sumably by preventing the depolarization of the cell 
and passive chloride entry. There is also some evi- 
dence that calcium influx may play a pathogenic 
role.” 

Supportive evidence for the glutamate damage 
hypothesis has come from experiments that show 
that substances that block glutamate binding by the 
postsynaptic receptor sites provide protection.” The 
addition of y-D-glutamylglycine, a postsynaptic 
blocker of excitatory amino acids, to the medium of 
cultured neuronal cells prevented anoxic cell dam- 
age.‘ In the living animal, focal brain microinfusion 
of an antagonist of excitation of the N-methyl- 
D-aspartate receptor sites in rats with forebrain 
ischemia (induced by temporary occlusion of the 
carotid artery) also prevented ischemic damage of 
pyramidal cells in the hippocampus that were other- 
wise selectively vulnerable. More interesting is the 
reduction in severity of cerebral and spinal cord 
ischemic injury by the systemic administration of a 
glutamate receptor antagonist, MK-801. The virtue 
of this experimental drug is its ability to cross the 
blood-brain barrier at therapeutic levels. It should be 
emphasized that this drug was effective in reducing 
neuronal injury even when there was a prolonged 
lack of oxygen to the affected tissue. Thus, it was not 
the lack of oxygen per se that apparently damaged 
ischemic tissue; the development of ischemic injury 
required the release and receptor binding of gluta- 
mate and the presumed subsequent influx of ions and 
extracellular fluid to mediate the hypoxic damage. 

How might all this apply to ischemic conditions 
affecting the retina? It is highly likely that gluta- 
mate and aspartate serve as neurotransmitters in 
the retina of certain species.” The most complete 
evidence is for glutamate and aspartate neurotrans- 
mitter release by photoreceptor cells: (1) L-Aspartate 
and L-glutamate mimic the natural transmission of 
photoreceptors on horizontal cells and bipolar cells. 
(2) High-affinity transport sites for aspartate and 
glutamate have been demonstrated in photorecep- 
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tors. (3) Enzymes for the synthesis of aspartate and 
glutamate are found in photoreceptor cells. Evidence 
that glutamate and aspartate are excitatory trans- 
mitters in the inner retina, possibly released from 
bipolar cell axon terminals, has been reported in the 
rabbit retina. Similarly, some amacrine and some 
ganglion-cell types may release aspartate or gluta- 
mate.” The specific role of glutamate and aspartate 
in hwman retinal neurotransmission has been less 
completely studied, but high-affinity uptake systems 
in the photoreceptor synapses specific for glutamate 
and aspartate have been demonstrated in the adult 
human retina.'*”° 

A number of ischemic conditions can cause retinal 
damage, some more acutely, such as central or 
branch retinal artery occlusion, and others more 
chronically, such as central and branch retinal vein 
occlusion or diabetic retinopathy. If these ischemic 
or hypoxic conditions cause retinal damage in part 
by an excess of glutamate or aspartate, some of the 
specific anatomic and functional abnormalities in 
these conditions may be explicable, and new avenues 
of investigation for novel treatments my be sug- 
gested. 

For example, the glutamate mechanism might 
explain in part why certain cells in the retina are 
more susceptible than others to ischemic damage. It 
is well known that certain components of the electro- 
retinogram are particularly susceptible to change 
under conditions of experimental hypoxia and in 
certain clinical hypoxic conditions. The best example 
is the oscillatory potentials, which can decrease 
markedly in amplitude in the earlier stages of dia- 
betic retinopathy, even in the presence of a normal 
b-wave amplitude (more severe stages of ischemic 
retinopathy reduce both the b-wave and the oscilla- 
tory potentials).” The glutamate theory suggests 
that the cells that give rise to the oscillatory poten- 
tials are postsynaptic to glutamate-releasing neuro- 
nal cells. There are conflicting reports in the litera- 
ture as to the cells of origin responsible for the 
oscillatory potentials. Evidence has been presented 
for bipolar cell,” ganglion cell,” and interplexiform 
cell origins.” It has also been proposed that the 
oscillatory potentials arise in a feedback circuit (onto 
bipolar and horizontal cells) mediated by amacrine 
or interplexiform cells.” It is of interest, therefore, 
that experimentally induced glutamate damage to 
the retinas of mice’ and chicks” causes preferential 
injury to certain amacrine cells. One could postulate 
that either amacrine cells postsynaptic to glutamate- 
releasing bipolar cells or bipolar cells postsynaptic to 
glutamate-releasing amacrine cells are selectively 
damaged by ischemia-induced glutamate excess. The 
b wave, on the other hand, is thought to arise in the 
Müller cells in response to fluxes in extracellular 
potassium concentrations that result from on-bipo- 
lar cell activity.” It is certainly possible that dam- 
age specific to those bipolar cells or amacrine cells 
that receive glutamate-mediated synaptic input 
could reduce the oscillatory potential amplitudes 
without causing a measurable effect on the b wave. 

What evidence is there regarding the biochemical 
basis for the generation of oscillatory potentials? 
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There have been a limited number of studies on the 
effects of various neurotransmitter agonists or 
antagonists on the oscillatory potentials. In the 
mudpuppy retina, glutamate and aspartate were 
found to depress oscillatory potential amplitudes; 
antagonists to glutamate and aspartate also 
decreased the amplitude of the oscillatory potentials, 
but this was not selective, since the b-wave ampli- 
tude was also reduced by these agents.” In addition, 
in the mudpuppy retina, glycine and y-aminobutyric 
acid (GABA), both putative inhibiting neurotrans- 
mitters, selectively depressed the oscillatory poten- 
tials,” and these effects were blocked by glycine and 
GABA antagonists. The individual oscillatory 
peaks acted differently in these studies; the earlier 
peaks were more sensitive to the disruption of 
GABA-mediated pathways, and the later ones were 
more sensitive to the disruption of the glycine- 
sensitive network. This suggests that individual 
oscillatory potential peaks may have different cell 
origins within the retina.” Finally, dopamine selec- 
tively depressed the oscillatory potentials of the 
mudpuppy retina”, the dopamine antagonist halo- 
peridol also suppressed the oscillatory potentials 
(particularly the earlier ones) as well as the b wave.” 
Along similar lines, reserpine, a dopamine depleter, 
depressed the oscillatory potentials in cats, and the 
potentials could be restored by intravitreal adminis- 
tration of L-dopa.“ Since one can expect species 
differences in the specific neurotransmitters respon- 
sible for generation of the oscillatory potentials, the 
possible roles for glutamate or aspartate in the 
human retina must await further studies in mam- 
mals, particularly in primates. 

If glutamate-mediated ischemic injury does occur 
in the retina as it appears to occur in the brain, an 
interesting therapeutic possibility would be to deliv- 
er a drug to the retina that can block glutamate 
binding at postsynaptic sites. The most obvious 
clinical condition that would be a candidate for this 
is acute central retinal artery occlusion. 

In this issue of the ARCHIVES, Yoon and Marmor” 
describe for the first time the relative protection of 
the retina from permanent ischemic injury by pre- 
treating the experimental animals with intravenous- 


ly administered dextromethorphan, an antagonist of 4 


N-methyl-D-aspartate postsynaptic receptors. Their 
experimental model involved the production of reti- 
nal ischemia in the rabbit by raising the intraocular 
pressure above the systolic for 60 minutes; ischemia- 
induced changes in the electroretinogram were com- 
pletely reversible in animals pretreated with dex- 
tromethorphan, and permanent structural changes 
seen with light microscopy were prevented. Longer 
periods of ischemia (75 minutes) produced some 
permanent electroretinographic changes in pre- 
treated animals that were not as profound as in 
untreated animals. Whether treatment with dex- 
tromethorphan following ischemic injury would also 
alter the course of the process remains to be test- 
ed. 

A recent article by Ben-Nun et al® described a 
novel method for delivering oxygen to the retina in 
experimental animals by inserting a narrow plastic 


catheter into the vitreous through a pars plana 
sclerotomy incision. The authors showed that isch- 
emic retinal injury caused by mechanical obstruction 
of the central retinal artery with an intravitreal 
probe could be ameliorated by the infusion of intra- 
vitreal oxygen through the plastic cannula. Similar- 
ly, Blair et al,” using vitreoperfusion in vitrectom- 
ized cat eyes, showed that perfusates containing 
glucose and a high oxygen pressure could protect the 
retinas from ischemic injury induced by elevation of 
the intraocular pressure that closed retinal and 
choroidal circulations. Such systems could also be 
used to test the protective effect of excitatory amino 
acid antagonists on ischemic retinal injury. This 
would allow more tissue-specific drug delivery at 
controlled concentrations than would systemic 
administration of these substances. 

Although multiple pathogenic mechanisms are 
likely to be acting in concert when the retina is 
deprived either focally or diffusely of blood or oxy- 
gen, the isolation of an apparently specific mecha- 
nism involving a known retinal toxin and naturally 
occurring neurotransmitter (namely, glutamate) cer- 
tainly raises provocative issues. The most salient 
point is that we should redirect our thinking from 
considering a lack of oxygen per se as the cause of 
tissue damage to considering mechanisms through 
which hypoxic injury is mediated, so that therapeu- 
tic intervention can be more rationally planned and 
multifactorially directed. 

GEORGE H. BrRESNICK, MD 
Madison, Wis 


This research was supported in part by grant EY-03084 from the 
National Institutes of Health, Bethesda, Md. 
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Special Article 


The Hsiao Study 


A Personal Perspective 


I early 1986 a national study of resource-based 
relative value scales (RBRVSs) for physician 
services was undertaken by Hsiao and colleagues at 
the Department of Health Policy and Management, 
Harvard School of Public Health, Boston, Mass, with 
the cooperation and support of the American Medi- 
cal Association, Chicago Ill; the study was financed 
by the Health Care Finance Administration, Wash- 
ington, DC. It was stated that: “The purpose of this 
study is to develop resource based relative value 
scales (RBRVS) for surgical and medical services. 
The RBRVS will be developed based on scientific 
methods with objective data.” 

Eighteen specialty societies and several medical 
subspecialties provided panels of medical experts for 
this study. These technical panels were requested by 
Hsiao: 
to assist in four essential functions: 

1. Reviewing and commenting on the scope and method 
of this study; 

2. Advising on the selection of the medical and surgical 
procedures to be studied; 

3. Critiquing and refining data obtained; and 

4. Assessing the reasonableness of the relative values 
developed. 


(William C. Hsiao, PhD, written communication, 
1988.) Ophthalmology furnished four medical 
experts: Stephen Obstbaum, MD, and Elliott 
Blaydes, MD, through the American Society of Cata- 
ract and Refractive Surgery, Fairfax, Va, and Wayne 
Fung, MD, and me through the American Academy 
of Ophthalmology, San Francisco, Calif. The results 
of the RBRVS Study have been presented to the 
Health Care Finance Administration and are pub- 
lished in JAMA.! 

The results of the RBRVS study, particularly as 
they apply to services and procedures performed by 
ophthalmologists, have been a major disappointment 
to the participants and to ophthalmologists every- 
where. The implications of the conclusion reached by 
Hsiao and colleagues are not just threatening to 
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ophthalmologists’ incomes, they also threaten the 
capacity of ophthalmologists to continue to provide 
quality eye care. 

How is such a result possible from a study “based 
on scientific methods with objective data” and with 
the stated role of the technical panels to “ad- 
vise... critique ... refine ... and assess the reason- 
ableness of the relative values”? 

We believe that the following explanations partly 
account for this discrepancy. 

1. The study fails to overcome the expressed biases 
of Hsiao’s earlier work (William C. Hsiao, PhD, 
written communication, 1988). Also, no evidence is 
given to explain why the present study improves on 
his previous research with Stason,? which has been 
severely criticized. 

2. The study does not accurately reflect the think- 
ing of the expert panels. 

3. The study employs a small physician sample of 
questionable validity with a low level of respondents 
in many areas and with inadequate information on 
who the respondents and nonrespondents are. 

4. The study employs a methodology for cross- 
linking specialties that was confused by ignoring the 
complexity and/or severity of conditions presented 
in rating the intensity and complexity of physicians’ 
work. 

5. The study provides inaccurate results in cross- 
linking specialty services because of inconsistencies 
in the use of current procedural terminology.’ 

6. The study does not consider the implications of 
significant cutbacks in Medicare fees for certain 
ophthalmologic procedures that have occurred with- 
in the past 2 years. 

7. The study does not consider appropriately the 
other variables in the total work formula, such as 
variations in technical skill and stress, and relies 
almost exclusively on estimations of preprocedural, 
postprocedural, and intraprocedural time. 

8. The study ignores the extraordinary practice 
costs in the provision of modern ophthalmologic 
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services, especially of office-based high-technology 
equipment, highly trained personnel, and support 
services that have evolved during the past few 
years. 

The technical consulting panel for ophthalmology 
made a sincere effort to apprise Hsiao and colleagues 
of these elements. We do not believe that the study 
results accurately reflect our specialty’s resource 
base. The study reflects Hsiao’s perspective and that 
of his colleagues at the Harvard School of Public 
Health and their interpretation of what we believe 
are, in many instances, inaccurate data. 

At a reactor conference arranged by Hsiao, which 
was held in Cambridge, Mass, this spring, numerous 
criticisms were raised concerning the RBRVS Study. 
= There was also much praise for many aspects of the 
study. It is already apparent that many of our 
colleagues in medicine are comfortable with the 


proposals and conclusions contained in the study and 
believe that they will benefit from its implementa- 
tion. Because of the widely publicized excesses of 
some of our colleagues and the fact that ophthalmol- 
ogists generally have not maintained close ties with 
their medical associates, there is not much concern 
or sympathy for our plight. We must make our 
concerns known through testimony before the AMA 
Task Force on Relative Value Scales, the Physicians 
Payment Review Commission, and, eventually, Con- 
gress. The American Academy of Ophthalmology has 
involved the ophthalmic subspecialty societies in this 
process from the beginning and will continue to do so 
as it prepares to meet this challenge. 

GEORGE EDWARD GARCIA, MD 

Boston, Mass 
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Persistent and Recurrent Neovascularization 


After Krypton Laser Photocoagulation for 


Neovascular Lesions of Ocular Histoplasmosis 


Macular Photocoagulation Study Group 


è Persistence and recurrence of choroidal neovascularization 


i after initial treatment with laser photocoagulation have been 


shown to be major contributors to loss of visual acuity. The 144 
eyes assigned to krypton red laser photocoagulation in the Ocular 
Histoplasmosis Study—Krypton Laser were examined to describe 
persistence and recurrence in these patients. Persistent neovas- 
cularization was observed among 23% of treated patients and 
recurrent neovascularization was observed among an additional 
8%. Both persistence and recurrence were accompanied by an 
increased frequency of severe visual loss. Patients with high blood 
pressure were more than 2.5 times as likely to have persistent 
neovascularization as patients without high blood pressure (95% 
confidence interval = 1.5, 4.8). Eyes in which the neovascular 
component of the complex was within 200 um of the center of the 
foveal avascular zone were twice as likely to have persistent 
neovascularization (95% confidence interval = 1.2, 4.6). Eyes in 
which the treatment did not cover the neovascularization com- 
pletely or did not meet the required level of intensity on the foveal 
side had a persistence rate approximately three times that of eyes 
in which the neovascularization was covered completely by 
intense, confluent burns (95% confidence interval = 1.7, 6.5). 
This last finding is of particular importance for ophthalmologists 
who treat similar patients. 
(Arch Ophthalmol. 1989;107:344-352) 


persistent and recurrent neovascularization have 
been shown to be major contributors to the loss 
of visual acuity after laser photocoagulation for 
choroidal neovascular membranes secondary to age- 
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related macular degeneration and ocular histoplas- 
mosis.’” The Macular Photocoagulation Study (MPS) 
Group in the Ocular Histoplasmosis Study-Krypton 
Laser (OHS-K) has shown that krypton red laser 
photocoagulation reduces the risk of visual acuity 
loss, relative to no treatment, in eyes with ocular 
histoplasmosis and some component of a well- 
defined neovascular complex 1 to 199 um from the 
center of the foveal avascular zone.’ 

To gain a more thorough understanding of persis- 
tence and recurrence, the data records of the patients 
assigned to treatment in the OHS-K were reviewed. 
The frequency, timing, visual impact, and potential 
risk factors for persistence and recurrence have been 
examined and are the subject of the present arti- 
cle. 


PATIENTS AND METHODS 


The design and methods of the MPS have been described 
in previous publications.'*° The MPS Manual of Proce- 
dures’ is also available. Methodologic features with direct 
bearing on the data presented in this article are summa- 
rized below. 


Patient Selection and Entry 


Only the 144 patients who were assigned to krypton red 
laser photocoagulation within the MPS OHS-K are consid- 
ered in the present report. To be eligible for inclusion in 
the OHS-K, study eyes had to have angiographic evidence 
of either choroidal neovascularization with the foveal edge 
of neovascularization between 1 and 199 um from the 
center of the foveal avascular zone or blood and/or blocked 
fluorescence between 1 and 199 um from the center of the 
foveal avascular zone and the foveal edge of neovasculari- 
zation between 200 and 2500 um from the center of the 
foveal avascular zone. The patient had to have at least one 
atrophic scar characteristic of ocular histoplasmosis (“his- 
to spot”) not contiguous with the neovascular lesion in 
either eye. Additional eligibility criteria included best 
corrected visual acuity of 20/400 or better, symptoms such 
as decreased visual acuity or Amsler grid distortion, no 
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Fig 1.—Red-free photograph (top left) and fluorescein 
angiogram (top right) of an eligible lesion. The neovascular 
membrane (NVM) and/or blood had to extend to within 1 to 
199 um from the foveal center. Sketch (right) of same 
lesion. X indicates foveal center; broken line, the recom- 
mended extent of treatment when blood was present on the 
foveal side and the NVM was greater than or equal to 100 
um from the foveal center; and FAZ, foveal avascular zone. 
When there was no blood present on the foveal side, the 
recommended extent of treatment included the entire NVM 
and 100 um beyond the NVM on the nonfoveal side. 


previous photocoagulation in the study eye, no other ocular 
disease that could affect visual acuity, and informed 
consent. 

Study patients were recruited at 12 participating clinical 
centers. Each patient was randomly assigned to observa- 
tion or krypton red laser photocoagulation. 


Treatment 


Photocoagulation was performed in all clinical centers 
according to a standard protocol using a krypton red laser. 
Important features of the protocol included availability of 
an angiogram obtained within 72 hours before treatment, 
use of retrobulbar anesthesia to ensure immobility of the 
globe and to prevent discomfort during treatment, and the 
goal of treating the entire area of the neovascularization 
as defined by the area of hyperfluorescence on the fluores- 
cein angiogram. 

The treatment protocol specified that the area of hyper- 
fluorescence should be covered completely with laser burns 
of intensity sufficient to produce uniform whitening of the 
overlying retina. Treatment of areas of blocked fluores- 
cence attributable solely to blood or pigment was not 
required, except as necessary to ensure treatment of the 
neovascularization. Additionally, treatment was required 
to extend 100 um beyond the hyperfluorescent areas on the 
border away from the fovea and to extend 100 um into any 
blood present on the foveal side whenever the hyperfluor- 
escence was 100 um or farther from the center of the foveal 
avascular zone (Fig 1). 
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Fig 2.—Treatment intensity standard. Treatment protocol 
specified a uniform, white burn at least as intense as the 
treatment standard. 


Compliance with the treatment protocol was monitored 
by the Fundus Photograph Reading Center, Baltimore, Md. 
Reading Center staff assessed both the extent and the 
intensity of treatment on both the foveal and nonfoveal 
sides of the neovascularization. Division of the treatment 
burn into a foveal and nonfoveal side was based on the 
foveal and nonfoveal side of the neovascularization. The 
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Fig 3.—Top left, Pretreatment angiogram. Center left, Posttreatment color photograph. Bottom left, Sketch 
made by superimposing the posttreatment photograph on the pretreatment angiogram. The treatment is of 
adequate intensity, but the sketch shows that some of the neovascular membrane (NVM) (green) is not covered 
by heavy treatment (orange). Top right, Angiogram 6 weeks after treatment. Center right, Sketch shows 
fluorescein leakage (green) in the area of incomplete treatment. Bottom right, One year after treatment, 
persistent leakage has resulted in exudation, scarring, and severe visual loss. 


division was made by connecting the center of the foveal 
avascular zone to the center of the neovascularization with 
a straight line and drawing another line perpendicular to 
it, thereby bisecting the neovascularization. The extent 
was assessed by comparing schematic drawings of the 
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pretreatment fluorescein angiogram and color photo- 
graphs with schematic drawings of color photographs 
taken 12 to 48 hours after treatment.’ The intensity was 
assessed by comparing the posttreatment color photo- 
graph with a photographic standard of treatment intensity 
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No. of Eyes 
(N = 144) 


After Randomization 
(at Least), mo* 


*Median time, 48 months. 


(Fig 2). Whenever the Reading Center staff determined 
that the intensity or extent of the treatment was less than 
that specified by protocol, a staff member telephoned the 
treating ophthalmologist, and the patient was evaluated to 
determine if additional treatment was necessary based on 
repeated fluorescein angiography. 


Patient Follow-up 


All patients assigned to treatment received photocoagu- 
lation at the time that they were enrolled into the OHS-K. 
Follow-up visits were scheduled for all treated patients at 
2 weeks, 4 weeks, 6 weeks, 3 months, and 6 months after 
enrollment and at 6-month intervals thereafter. Treated 
A patients were instructed to observe an Amsler grid chart 

» and to check for other changes in their vision regularly. 
Patients who reported deterioration in their vision were 
reexamined promptly. 

At each scheduled follow-up visit, best corrected visual 
acuity was measured, ophthalmoscopic and biomicroscopic 
examinations were performed, and color stereoscopic fun- 
dus photographs were taken of both eyes. Fluorescein 
angiography was performed at every scheduled visit 
through the 3-month visit and then annually. Angiography 
was also performed when required to evaluate new symp- 
toms or changes in the fundus appearance. 


Determination of Persistence and Recurrence 


All color photographs and fluorescein angiograms were 
forwarded to the Reading Center for evaluation. At least 
f two readers independently assessed each set of photo- 
graphs, with discrepant gradings adjudicated by the two 
readers. Eyes in which angiograms showed an area of 
hyperfluorescence along the periphery of the treatment 
scar in the early transit phase with extension of the 
hyperfluorescence during the later phases were considered 
to have leakage indicative of choroidal neovascularization 
(Fig 3). In contrast, eyes in which angiograms showed an 
area of hyperfluorescence along the periphery of the 
treatment scar in the early transit phase, but without 
extension of the hyperfluorescence during the later phases, 
were considered as having no evidence of leakage indica- 
tive of choroidal neovascularization. 

Eyes in which angiograms taken at 2, 4, or 6 weeks after 
treatment showed fluorescein dye leakage on the periphery 
of the photocoagulation scar were classified as having 
persistent neovascularization (Fig 3). Eyes without persis- 
tence but with documentation of fluorescein leakage after 
the 6-week posttreatment visit were classified as having 
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Eyes treated 142 (100) 


Eyes with no leakage 96 (68) 
Eyes with at least 1 occurrence of 
leakage 46 (32) 
Persistence 31 (22) 
Recurrence 10 (7) 
Independent NVM only 3 (2) 
Persistence and independent NVM 1 (1) 


1 (1) 


Recurrence and independent NVM 





*NVM indicates neovascular membrane. 
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Fig 4.—Cumulative proportion of eyes with persistence or 
recurrence. Broken line indicates persistence; solid line, recur- 
rence. 


recurrence. Eyes with a new area of leakage that was not 
contiguous with the index lesion were classified as having 
a new independent neovascular membrane. All other eyes 
had no peripheral leakage of fluorescein to signal the 
presence of neovascularization after krypton laser photo- 
coagulation. The time of the persistence or recurrence was 
noted as the time of the regularly scheduled visit at which 
the new vessels were documented or, for cases in which 
recurrence was discovered between regularly scheduled 
visits, the last such visit before the recurrence. 

A methodologic study was performed to estimate the 
agreement between the classification of eyes based on the 
Reading Center staff’s grading of photographs and the 
classification of eyes based on an MPS ophthalmologist’s 
review of photographs. The Reading Center staff graded 
each set of photographs from each visit for fluorescein 
leakage without reference to previous photographs. The 
ophthalmologists based their classifications on examina- 
tion of the entire series of patient photographs from all 
visits. Three MPS ophthalmologists each reviewed a differ- 
ent random sample of 20 patients and classified the 
patients as having (1) no peripheral leakage after initial 
treatment, (2) persistence, or (3) recurrence. 


Re-treatment 


A re-treatment was considered to be any application of 
laser photocoagulation after the day of initial treatment, 
whether or not the Reading Center had detected areas of 
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3 (3) | 
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Angiographic 
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No previous leakage 
Persistence 
Recurrence 


Time Since 
Treatment, y 


20/64 
20/80 


5 (18) 
2 (18) 


No previous leakage 
Persistence 
Recurrence 


20/80 
20/80 


6 (25) 
3 (30) 


20/40 | 


3 (4) | 


fluorescein leakage by examination of any angiograms 
before the application of additional treatment. Eyes with 
fluorescein leakage on the perimeter of the treatment scar 
or new areas of leakage not contiguous with the treatment 
scar were considered for re-treatment. The study protocol 
defined eyes as re-treatable if the new vessels and any 
previous vessels were not through the center of the foveal 
avascular zone. The study protocol recommended that 
re-treatable neovascularization be re-treated. Investiga- 
tors were advised to follow up patients carefully when 
angiographic hyperfluorescence was within the borders of 
the treatment scar only. All procedures concerning patient 
management and the scheduling of visits that applied to 
the initial treatment were required for re-treatments. 


Statistical Methods 


Agreement between the Reading Center staff and the 
MPS ophthalmologists in classifying eyes into one of three 
groups was measured with the unweighted kappa statis- 
tic.’ Estimates of the proportion of cases experiencing a 
persistence or recurrence at various points in time after 
treatment were obtained through the Kaplan-Meier meth- 
od.’ Differences in persistence and recurrence rates for 
subgroups were measured by proportions, rather than life 
table rates, since almost all patients had been followed up 
throughout the period of risk for these occurrences and the 
small number of recurrences did not support the use of the 
asymptotic methods for comparing survival curves. Differ- 
ences in proportions were evaluated using Fisher’s Exact 
Test or the corresponding methods for computing exact P 
values for larger contingency tables.'° The Cox Proportion- 
al Hazards model was used to evaluate the simultaneous 
effects of two or more factors on the time to persistence or 
recurrence.'' The logarithmic transformation of the ratio 
of two proportions was used to construct confidence inter- 
vals.'* Summary measures of visual acuity were calculated 
using the logarithm of the minimum angle of resolution 
and then converted to Snellen fractions. Frequency distri- 
butions do not sum to the total number of treated patients 
in many cases because of missed visits and missing or 
ungradeable photographs. P < .05 was considered as rep- 
resenting conventional statistical significance. 

Findings presented in this article are based on informa- 
tion received at the Coordinating Center through February 
29, 1988. 


RESULTS 


A total of 144 eyes from 144 patients were random- 
ly assigned to krypton laser photocoagulation. Two 
of these patients never returned to an MPS clinic 
after the initial treatment. Therefore, tables and 
figures are based on the 142 patients who were 
followed up for at least 2 weeks. The missed visit rate 
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for all follow-up visits combined was 6%. The num- 
ber of eyes followed up for specified periods of time is 
given in Table 1. Seventy-six percent of all patients 
had at least 3 years of follow-up as of the cutoff date. 
Baseline characteristics of these patients have been 
reported previously.’ 

A comparison of the classification of eyes based on 
Reading Center gradings with the classification 
based on review by ophthalmologists resulted in 
agreement for 55 (92% ) of the 60 cases reviewed. The 
kappa statistic for agreement beyond chance was 
0.84. The gradings made by the Reading Center staff 
have been used for all analyses included in the 
present article. 

The number of patients who had documentation of 
any form of neovascularization after the initial 
treatment is shown in Table 2. Ninety-six (68% ) of 
the 142 treated eyes considered had shown no angio- 
graphic evidence of peripheral leakage of fluorescein 
(Table 2). Persistent neovascularization was present 
in 32 eyes (23%) and recurrent neovascularization 
was present in an additional 11 eyes (8% ). Five eyes 
(4% ) developed a new, independent area of neovascu- 
larization during the course of follow-up. 

Since patients were enrolled in the study at differ- 
ent times over a period of 6 years, they were followed 
up for differing lengths of time. Life table methods 
have been used to account for the different lengths of 
follow-up and to describe the time of persistence or 
recurrence. Figure 4 shows that persistence was 


documented in some eyes at each of the 2-, 4-, and ~ 


6-week visits and that few recurrences were observed 
l year after initial treatment. Using this form of 
estimation, 23% of eyes had persistent neovasculari- 
zation, T% had a recurrence within the first year 
after treatment and an additional 1% had a recur- 
rence after 1 year. 

The visual acuity of eyes that had persistence or 
recurrence was worse than eyes that never had such 
leakage at various time points after initial treatment 
(Table 3). Eyes without persistence or recurrence 
maintained an average visual acuity of 20/40 at 1 and 
2 years of follow-up. Similarly, less than 5% of these 
eyes suffered a loss of more than 5.5 lines of visual 
acuity after baseline. On the MPS visual acuity 
chart, a 6-line loss represents a quadrupling of the 
visual angle. Eyes with persistence or recurrence had 
an average visual acuity of 20/80 at 2 years after 
treatment and had a much higher proportion with 
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large losses than did eyes with no previous leakage. 
Slightly more eyes with recurrence than eyes with 
persistence had losses of 5.5 lines or more of visual 
acuity, although this trend was not statistically 
significant. 

Several characteristics of the patient, the eye at 
initial visit, and the photocoagulation treatment 
were examined for their relationship to persistence 
and recurrence (Table 4). All 142 eyes were at risk of 
persistence. High blood pressure, defined by diastolic 
pressure greater than or equal to 95 mm Hg or 
systolic pressure greater than or equal to 160 mm 
Hg, as measured during the initial visit, regardless 
of the use of antihypertensive medications, was the 
single patient-related characteristic that was 
strongly associated with persistence. Of the 23 
patients with high blood pressure, 11 (48%) had 
persistent neovascularization as compared with 19 
(18%) of 105 patients with normal blood pressure 
and no antihypertensive medication use and 2 (14%) 
of 14 patients with normal pressure and antihyper- 
tensive use (P = .01). Patients with high blood pres- 
sure also had a higher recurrence rate than those 
with normal pressure, although not to a statistically 
significant degree (P = .07). 

Eyes with neovascularization within 200 um of the 
center of the foveal avascular zone had a persistence 
rate of 32%, as compared with a rate of 14% for eyes 
with the neovascular component of the lesion greater 
than or equal to 200 um from the center of the foveal 
avascular zone (P = .02). Two (17%) of the 12 eyes 
having the initial neovascularization greater than or 
equal to 200 um from the center of the foveal 
avascular zone center and having persistence or 
recurrence lost 5.5 or more lines of visual acuity, in 
contrast with the 16 (52%) of 31 eyes having the 
initial neovascularization within 200 um of the cen- 
ter of the foveal avascular zone and persistence or 
recurrence (P = .05). 

Among eyes with posttreatment color photographs 
that showed treatment covering the entire extent of 
the neovascularization on the foveal side, 17% had 
persistence, while the rate among eyes in which 
treatment did not cover the entire extent of the 
neovascularization on the foveal side was 39% 
(P = .01). Similarly, eyes in which the entire area 
treated on the foveal side met the MPS standard for 
treatment intensity (Fig 2) had a persistence rate of 
16%, while eyes in which any portion of the area 
treated on the foveal side did not meet the standard 
had a persistence rate of 48% (P = .001). Nine eyes 
had both less intense treatment than required and 
some area of neovascularization left untreated on the 
foveal side. Six (67% ) of these eyes had persistence. 
Eyes with treatment that either did not cover the 
neovascularization or did not meet the intensity 
standard in some part of the treated area on the 
foveal side had a persistence rate of 39% as com- 
pared with eyes in which the neovascularization was 
completely covered by burns meeting the intensity 
standard, which had a persistence rate of 12% 
(P = .001). 
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Table 4.—Persistence and Recurrence Rates by Patient, 
Lesion, and Treatment Characteristics * 
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*FAZ indicates foveal avascular zone; NVM, neovascular mem- 
brane. 

tHigh blood pressure was defined as systolic blood pressure greater 
than or equal to 160 mm Hg or diastolic blood pressure greater than or 
equal to 95 mm Hg. Medication refers to use of antihypertensive 
medication. 
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Table 5.—Eligibility for Retreatment by Time That 
Neovascularization Was Observed 
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*P for exact test of independence = .003. 


Despite some rather large observed differences in 
the percentage of patients with recurrence among 
the subgroups of certain characteristics (Table 4), 
none of the differences reached the level of conven- 
tional statistical significance. When high blood pres- 
sure, distance to the center of the foveal avascular 
zone, and extent and intensity of treatment on the 
foveal size were included in a Cox Proportional 
Hazards regression model, each factor demonstrated 
independent association with the combined event 
persistence or recurrence (P < .005 for each factor). 

Analyses of the location of the persistence or 
recurrence relative to the original treatment scar 
were also performed. Four (12%) of the 32 persis- 
tences and 1 (9%) of the 11 recurrences occurred on 
only the nonfoveal side of the scar. All other recur- 
rences involved only the foveal side or portions of 
both the foveal and nonfoveal sides. 

Leakage of fluorescein within the borders of the 
treatment scar was not considered a recurrence. 
Only two eyes had such center leakage without 
peripheral leakage identified on either the 2- or 
4-week angiogram. One eye developed peripheral 
leakage 2 weeks later and the other eye was re- 
treated and did not develop leakage later. Thirteen 
(12%) of the 106 eyes that did not have persistent 
neovascularization on the border of the treatment 
scar had leakage in the center of the scar at the 
6-week posttreatment visit. Two eyes were re-treated 
at that time. One eye (8%) that had center leakage 
and 10 eyes (11%) that did not have center leakage 
had subsequent recurrence (P = 1.00). Thus, center 
leakage at 6 weeks after treatment was not associ- 
ated with subsequent recurrence. 

Not all persistences and recurrences were eligible 
for retreatment under the MPS protocol. Re-treat- 
ment was recommended by the protocol only if there 
had been no new vessels through the center of the 
foveal avascular zone. As shown in Table 5, 60% of 
all eyes with fluorescein leakage observed after the 
initial treatment were eligible for re-treatment. Eli- 
gibility for re-treatment was higher within the first 
year after initial treatment; none of the five eyes 
having recurrence at 12 months or later met the 
criteria for re-treatment (P = .003). The decision to 
re-treat was made by the individual MPS ophthal- 
mologist following up the patient. Twenty (77%) of 
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the 26 eyes eligible for re-treatment were actually 
re-treated and 5 (29%) of the 17 eyes ineligible for 
re-treatment were re-treated. For eyes that were 
eligible for re-treatment, the median visual acuity at 
the last clinic visit before the cutoff for this report 
was 20/64, while the median visual acuity for eyes 
that were ineligible for re-treatment was 20/125 
(P = .16). Also, five additional eyes were re-treated 
without demonstration of fluorescein leakage on the 
pre-re-treatment angiogram submitted to the Read- 
ing Center. Of the 21 eyes with additional follow-up 
after re-treatment for persistence or recurrence, 6 
(29%) exhibited fluorescein leakage on the next 
regularly scheduled angiogram and an additional 2 
(10% ) had leakage visible on a later angiogram. 


COMMENT 


The interpretation of fluorescein angiograms tak- 
en within 4 weeks after photocoagulation is often 
difficult since fluorescence may be from several 
sources. These include fluorescein staining of tissues 
damaged by thermal burns, retinal vascular leakage 
due to thermal damage of retinal vessels, or a 
laser-induced breakdown of the blood-retinal barrier 
that has not yet healed. All of these may be hard to 
differentiate from leakage of choroidal new vessels. 
Our definition of persistence included eyes with 
clearly visible fluorescein leakage along the periph- 
ery of the scar at 2 to 6 weeks, even though this group 
might contain some cases in which all vessels had 
been obliterated but new vessels had developed with- 
in 6 weeks. Our definition of recurrence included eyes 
with fluorescein leakage along the periphery of the 
treatment scar after angiographic documentation 
that no leakage was present at 6 weeks after treat- 
ment. 

Agreement between the MPS ophthalmologists 
and the Reading Center staff on the presence or 
absence of persistence or recurrence in the random 
sample of 60 patients was good (92%). We are 
confident that the classification of eyes based on 
Reading Center gradings are as reliable as possible 
given the subjective nature of the interpretation of 
angiograms. 

Results from the OHS-K indicate that eyes treated 
with krypton laser photocoagulation for choroidal 
neovascularization secondary to ocular histoplasmo- 
sis are subject to a 31% risk of persistence or 
recurrence over the course of 5 years. This risk is 
similar to the recurrence and persistence rates 
observed in previously reported series of eyes treated 
with argon laser photocoagulation for choroidal 
neovascular membranes located 200 um or more 
from the center of the foveal avascular zone. Olk and 
coworkers” reported that 19 (28%) of 68 eyes with 
ocular histoplasmosis had recurrent membranes. 
The MPS Ocular Histoplasmosis Study (OHS), a 
study of the efficacy of treating extrafoveal mem- 
branes with argon blue-green laser photocoagula- 
tion, reported that 32 (24%) of 132 eyes had recur- 
rent or persistent membranes as defined in the 
present report.‘ In the MPS OHS, both eyes with new 
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independent neovascular membranes and eyes with 
documented fluorescein leakage within 6 weeks of 
treatment were classified as having a recurrence. 
This latter group with fluorescein leakage within 6 
weeks of treatment is classified as a persistence 
rather than a recurrence in the present report on the 
OHS-K. 

Persistence, rather than true recurrence, was the 
most frequent form of neovascularization observed 
after initial treatment. Persistence was present in 
23% of eyes; only an additional 8% of eyes developed 
recurrence (Fig 4). No recurrences were observed 
after 2 years. Recurrences eligible for re-treatment, 
however, were observed up to 12 months after treat- 
ment (Table 5). 

The seriousness of persistence should not be 
underestimated since the negative impact on visual 
acuity was similar for persistence and recurrence 
(Table 3). Less than 5% of patients without persis- 
tence or recurrence lost 5.5 lines or more of visual 
acuity, while 25% of eyes with persistence and 30% 
of eyes with recurrence had such a loss at 2 years. 

As in the MPS OHS, leakage of fluorescein dye 
from the center of a treatment scar 6 weeks after 
treatment was not associated with an increased risk 
of subsequent recurrence. Re-treatment of center 
leakage that is detected 6 weeks after initial treat- 
ment does not appear to be necessary. 

Patients with high blood pressure had markedly 
higher rates of persistence (Table 4). Almost half of 
such patients had persistent neovascularization and 
25% of the remainder developed recurrence. While 
only 16% of our patients with neovascular lesions 
secondary to ocular histoplasmosis had high blood 
pressure, such patients should be watched particu- 
larly closely. 

Two other factors related to the patient, female 
gender and younger age, were associated with higher 
recurrence rates in the MPS OHS. These factors 
were also related to higher recurrence rates in the 
present study, although not to a statistically signifi- 
cant degree. 

The extent and intensity of the initial treatment 
were related strongly to persistent neovasculariza- 
tion (Table 4). Persistence rates were two to three 
times higher in eyes with treatment that either did 
not cover the neovascularization or did not uniformly 
whiten the overlying retina on the foveal side. This 
relationship was not observed in the MPS OHS since 
only nine treatments failed to cover the neovascular- 
ization, blood, and associated blocked fluorescence.’ 
Almost all eyes in the MPS OHS met the intensity 
standard. Thus, failure to meet the treatment proto- 
col requirements in the MPS OHS-K implied even 
less-extensive treatment than in the MPS OHS. 
These data provide support for the application of 
intense photocoagulation over the entire area of 
neovascularization. 

Applying krypton laser photocoagulation so as to 
cover the neovascularization in its entirety with 
confluent, intense burns is a difficult task when the 
neovascularization is close to the center of the fovea. 


Arch Ophthalmol—Vol 107, March 1989 


Despite the fact that laser treatments were per- 
formed by highly trained and experienced retinal 
specialists who knew that each treatment would be 
scrutinized by the staff of the MPS Reading Center, 
40% of treatments either did not cover the neovascu- 
larization completely or had some portion that was 
below required intensity on the foveal side. This 
point underscores the importance of mapping out the 
exact areas to be treated during the treatment 
session. Comparison of the extent of neovasculariza- 
tion on the pretreatment angiogram to the extent of 
treatment on the posttreatment photograph can help 
identify eyes at risk of persistence. However, only 
62% of persistences were eligible for re-treatment 
and even eyes that were eligible for re-treatment had 
an average visual acuity that was worse than the 
average for eyes that had never had persistent or 
recurrent neovascularization (20/64 vs 20/40). Oblit- 
eration of all areas of neovascularization during the 
initial treatment session appears to be critical to 
preserving good visual acuity. However, we caution 
against overcompensating by administering treat- 
ment that is too extensive in parafoveal lesions. 
Patients with ocular histoplasmosis often have unaf- 
fected areas of juxtafoveal retina adjacent to the 
neovascularization. Excessive photocoagulation of 
these unaffected areas, applied in an attempt to treat 
the neovascularization in its entirety, may adversely 
affect visual acuity. 

Neovascularization within 200 um of the center of 
the foveal avascular zone was associated with persis- 
tence rates twice as high as lesions having neovascu- 
larization 200 um or more from the center of the 
foveal avascular zone. The proportion with treat- 
ment that did not meet the standards for extent and 
intensity was similar both for eyes with the neovas- 
cular component within 200 um of the center of the 
foveal avascular zone and for eyes with the neovas- 
cular component 200 um or more from the center. 
Therefore, the increased persistence rate for the 
closer areas of neovascularization is not explained by 
less-than-standard treatment. 

One of the strong risk factors for persistent neo- 
vascularization, extent and intensity of treatment, is 
under the control of the treating ophthalmologist. 
Therefore, a reduction in persistence rates may be 
possible. Our ability to predict which patients will be 
subject to recurrence remains limited. Nevertheless, 
once a patient has gone for 12 months after treat- 
ment without a leaking membrane, the chance of 
later recurrence and its resulting visual deteriora- 
tion is small. 
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Long-term Evolution of Astigmatism 


Following Planned Extracapsular Cataract Extraction 


William T. Parker, MD, Gary S. Clorfeine, MD 


è Sixty-six eyes of 66 patients 
undergoing planned extracapsular cata- 
ract extraction with interrupted 10-0 
nylon suture wound closure were fol- 
lowed up prospectively for three years 
following surgery to evaluate the long- 
term evolution of postoperative astigma- 
tism. The study examined the period 
beginning three months postoperatively, 
well after all suture cutting was com- 
pleted, a point often considered to repre- 
sent ‘final postoperative astigmatism.” 
For the group as a whole, the induced 
astigmatism measured at three months 
was not stable, but gradually shifted 0.69 
diopter toward against-the-rule astigma- 
tism. Three specific patterns of evolution 
of postoperative astigmatism were identi- 
fied, depending on the amount of induced 
astigmatism found at three months. The 
data revealed that it was not possible to 
consistently induce with-the-rule astigma- 
tism, although permanent against-the-rule 
induced astigmatism could be produced. 
The long-term evolution of postoperative 
cataract wounds toward more against- 
the-rule astigmatism seen in this study 
was not affected by the number of intact 
nylon sutures. Proper evaluation of any 
technique to modify postoperative astig- 
matism must consider the long-term evo- 
lution of the cataract wound. 

(Arch Ophthalmol 1989; 107:353-357) 


Today, with the use of intraocular 
lenses, sophisticated extracapsular 
surgical techniques, and improved 
wound closure, a successful outcome 
for cataract surgery is highly predict- 
able. The ultimate limiting factor in 
optimum postoperative visual func- 
tion is often the amount of postopera- 
tive astigmatism. With this in mind, 
it is not at all surprising that a major 
objective of cataract surgery is to 
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minimize postoperative astigmatism. 

Numerous investigations have been 
conducted over the years to study the 
effects of various types of wound clo- 
sure on postoperative astigmatism.'’ 
On the basis of these studies, a variety 
of techniques have been advocated to 
achieve the goal of minimal postoper- 
ative astigmatism. Most astigmatism 
studies in the past, however, have 
included only a relatively short fol- 
low-up, usually from two months to at 
most one year after surgery. This may 
reflect the interest in early astigmatic 
rehabilitation of the patient and the 
assumption that the corneal curva- 
ture obtained at two months to one 
year would be permanent. 

For some time, we have believed 
that the postoperative astigmatism 
seen at two months, or even as late as 
one year, might further evolve over 
time. This belief was based on the 
observation that the 10-0 nylon suture 
appears to lose its structural integrity 
between one and two years.' We there- 
fore decided to conduct a prospective 
study to evaluate the long-term sta- 
bility of astigmatism following cata- 
ract extraction. The study was con- 
fined to conventional, planned extra- 
capsular cataract extraction in which 
the wound was closed with inter- 
rupted 10-0 nylon sutures, one of the 
most commonly used techniques of 
modern cataract surgery. Patients 
were followed up for three years after 
cataract extraction. We attempted to 
answer the following questions: First, 
will the amount of corneal astigma- 
tism found three months after sur- 
gery remain unchanged over time? 
Second, is it possible to permanently 
change corneal astigmatism so that it 
is either more with the rule (WTR) or 
more against the rule (ATR) using the 
standard incision and wound closure 
technique used in this study? Third, 
assuming that some nylon sutures 
need to be cut postoperatively, does 
the presence of more intact sutures 
help maintain the stability of WTR 
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induced astigmatism seen at three 
months? 


MATERIALS AND METHODS 


Keratometry was performed preopera- 
tively on all patients as part of a complete 
ophthalmologic examination. None of the 
study eyes had undergone previous ocular 
surgery, and there was no significant 
abnormality other than cataract. 

All patients had planned extracapsular 
cataract extraction with implantation of a 
modified J-loop posterior chamber intraoc- 
ular lens. All operations were performed 
by one of us (W.T.P.) using the same 
technique in each case. There were no 
intraoperative complications in the consec- 
utive cases in this series. l 

The surgical technique consisted of an 
11-mm cord-length incision created at the 
posterior surgical limbus. The incision was 
made with corneoscleral scissors and was 
angled to produce a shelving effect. Fol- 
lowing nucleus expression, cortical remov- 
al was accomplished using an automated 
irrigation-aspiration (Cavitron model 
7500) system. A modified J-loop posterior 
chamber intraocular lens was implanted in 
the bag. 

All wounds were closed with nine inter- 
rupted 10-0 nylon sutures. These sutures 
were all radially oriented and passed at a 
depth of 75% to 90% corneal thickness. 
Each suture had a length of approximately 
1 mm on each side of the corneoscleral 
wound. 

Postoperatively patients were treated 
with 1% prednisolone acetate and 0.5% 
chloramphenicol drops. Chloramphenicol 
was administered four times daily for the 
first two weeks after surgery and then was 
discontinued. Prednisolone was begun four 
times a day immediately postoperatively 
and was tapered to a once-a-day dosage by 
four weeks. It was then continued once a 
day until the final refraction was com- 
pleted at 11 weeks, at which point it was 
discontinued. 

Nylon sutures were selectively cut at 
seven and eight weeks after surgery, if 
needed, to minimize postoperative astig- 
matism. If 1.5 diopters or more of actual 
WTR corneal astigmatism was present, 
sutures were cut in the steepest meridian. 
Corneal astigmatism is WTR if the steep- 
est keratometric meridian is between 45° 
and 135°. Sutures were cut one at a time, 
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Fig 1.— Evolution of induced corneal astigmatism plotted for all 66 eyes over three years of study. 
Line represents exponential regression fit. 
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Fig 2.—Evolution of induced corneal astigmatism plotted for three groups of patients. Groups 
were defined by amount of induced astigmatism present three months after surgery. Group 1 
(open circles) began with 0.5 D or less. Group 2 (triangles; against-the-rule astigmatism) began 
with greater than 0.5-D against-the-rule astigmatism. Group 3 (closed circles; with-the-rule 
astigmatism) began with greater than 0.5-D with-the-rule astigmatism. Lines represent exponen- 
tial regression fits. 
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with keratometric measurements made 
after each cut. The process was continued 
until actual corneal astigmatism was less 
than 1.5 D WTR. However, no more than 
three sutures were cut at this first session. 
Corneal astigmatism was measured again 
at eight weeks, and suture cutting was 
continued, if necessary, using the same 
criteria until actual corneal astigmatism 
was less than 1.5 D WTR. No sutures were 
cut if actual corneal astigmatism was less 
than 1.5 D WTR or if it was ATR. 

Keratometric measurements were made 
at every postoperative visit to observe the 
evolution of postoperative astigmatism 
and also to guide in the selective cutting of 
sutures where necessary. The first kera- 
tometric measurements used as data for 
this study were done three months after 
surgery. Consequently, for the first data 
collection, at least four weeks had passed 
for the cornea to stabilize after the last 
suture had been cut. No other suture cut- 
ting or procedure of any kind that might 
affect corneal astigmatism was performed 
thereafter. Keratometric measurements 
were made on each patient at 3, 6, 9, 12, 18, 
24, and 36 months after surgery. All preop- 
erative and postoperative keratometric 
readings were done by one of us (W.T.P.) 
using the same keratometer. The instru- 
ment was regularly calibrated. 

Seventy-seven consecutive patients were 
entered prospectively as candidates for the 
study. Their cases represented consecutive 
surgeries performed by one of us (W.T.P.) 
between January 1983 and January 1984. 
The surgical technique was unchanged 
over the course of the study. The surgeon 
was accomplished in the procedure, and 
there was no “learning curve” involved 
with any aspect of the surgery. One case 
was eliminated from the study because a 
herpetic scar prevented accurate kerato- 
metric readings. Seventy-six patients 
therefore were eligible to continue the 
study at the three-month postoperative 
juncture. 

During the ensuing three-year follow-up 
of this group, four patients could no longer 
keep their appointments because of poor 
health or because they had moved out of 
the area. Six patients died. Consequently, 
66 patients (87% of the original group) 
completed the entire three-year study. The 
data for these 66 patients provide the basis 
for this study. 

If a patient failed to keep a postoperative 
appointment, the data point that would 
have been generated by the visit was 
replaced with a linear extrapolation 
between the bracketing data points. Of the 
462 data points for the study (66 patients 
with seven data points each), only 11 data 
points (2.4% ) had to be extrapolated. 

All data were analyzed in terms of “in- 
duced astigmatism,” a concept introduced 
in 1975 by Jaffe and Clayman? to analyze 
postoperative astigmatism in light of pre- 
operative astigmatism. Induced astigma- 
tism is defined as the change in astigma- 
tism from preoperative to postoperative 
values. Induced astigmatism is WTR if the 
vertical meridian is steeper postoperative- 
ly than it was preoperatively. Induced 
astigmatism is ATR if the vertical meridi- 
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Astigmatism Decay in Subgroups of Group 3 
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an is flatter postoperatively than it was 
preoperatively. For example, a cornea that 
is 2.00-D WTR preoperatively and 2.00 D 
WTR postoperatively has zero induced 
astigmatism. A cornea that is 2.00 D WTR 
preoperatively and spherical postopera- 
tively has 2.00-D ATR induced astigma- 
tism. Induced astigmatism is a useful con- 
cept because it allows analysis of the 
change in astigmatism induced by the sur- 
gery and sutures and further allows analy- 
sis of the evolution of that astigmatism 
either toward or away from the preopera- 
tive corneal curvature. Induced astigma- 
tism was computed using the method 
described by Cravy® and was programmed 
for a personal computer (Texas Instrument 
TI-99). 

For purposes of data analysis, induced 
astigmatism was plotted against time for 
the three-year period of the study. Induced 
astigmatism was plotted in units of mean 
diopters plus or minus the SEM. 

On all graphs, plus represents WTR 
induced astigmatism and minus represents 
ATR induced astigmatism. Induced astig- 
matism is WTR if the steepest meridian is 
between 45° and 135°. The zero line on all 
graphs, therefore, represents zero induced 
astigmatism, or the natural preoperative 
astigmatism of the cornea. 

Exponential regression analysis was 
used to fit a best curve to the data points. 
Statistical analyses were performed using 
the paired and unpaired Student’s ¢ test. 


RESULTS 


Sixty-six eyes of 66 patients were 
followed up for three years after sur- 
gery. The mean age of the patients 
was 66.1 years (range, 53 to 88 years). 
There were 43 women and 23 men. 
There were 28 left eyes and 38 right 
eyes. 

Figure 1 shows the evolution of 
astigmatism for all 66 study eyes over 
the entire three-year study. The mean 
induced astigmatism was 0.10 D ATR 
at three months. There was a gradual 
evolution of induced astigmatism 
toward ATR astigmatism, and three 
years after surgery the mean induced 
astigmatism was 0.79 D ATR. This 
change was statistically significant 
(P < .001). 

Patients were then subdivided into 
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three groups based on the amount and 
nature of their induced astigmatism 
at the three-month postoperative 
juncture. Group 1 was composed of 19 
patients whose induced astigmatism 
three months after surgery was 0.5 D 
or less. Group 2, the “ATR” group, 
consisted of 25 patients whose induced 
astigmatism three months after sur- 
gery was more than 0.5 D ATR (range, 
0.62 to 2.87 D ATR). Group 8, the 
“WTR” group, consisted of 22 patients 
whose induced astigmatism three 
months after surgery was more than 
0.5 D WTR (range, 0.62 to 3.00 D 
WTR). 

For each of the groups, the evolu- 
tion of astigmatism over the three- 
year period was recorded and plotted. 
Figure 2 is a plot of these groups. 

The 19 eyes in group 1 started with 
a mean induced astigmatism of 0.01 D 
WTR. There was a gradual evolution 
in induced astigmatism toward more 
ATR until two years after surgery 
where the mean induced astigmatism 
was 0.80 D ATR. This change toward 
ATR astigmatism was statistical- 
ly significant (P< .001). Stability 
occurred after two years. The total 
change over three years was 0.83 D 
ATR. 

The 25 eyes in group 2 (ATR group) 
started with a mean induced astigma- 
tism of 1.58 D ATR. There was a small 
change in induced astigmatism of 0.25 
D toward WTR during the first six 
months of the study. This change was 
not statistically significant (P = .027). 
Stability essentially occurred nine 
months after surgery. The total 
change over three years was 0.30 D 
WTR. 

The 22 eyes in group 3 (WTR group) 
started with a mean induced astigma- 
tism of 1.50 D WTR. The induced 
astigmatism gradually evolved to- 
ward ATR astigmatism over the 
entire three years of the study. By two 
years the WTR induced astigmatism 
had been lost and by three years had 
actually become 0.19 D ATR 
(P < .001). The astigmatism continued 


to change toward ATR between years 
2 and 3, although the change was not 
statistically significant (P = .088). 
The total change over three years was 
1.69 D ATR. 

The patients in group 3 were subdi- 
vided into two additional groups to 
determine whether the number of 
intact nylon sutures left in the wound 
had any influence on the evolution of 
astigmatism. The Table summarizes 
the results for these two subgroups. 
The first subgroup had five or more 
(mean, 6.6) intact nylon sutures re- 
maining after all suture cutting had 
been completed. The second subgroup 
had four or fewer (mean, 2.4) intact 
nylon sutures. The two subgroups 
started out with different amounts of 
induced astigmatism. The subgroup 
with more intact nylon sutures began 
with 1.99-D WTR induced astigma- 
tism. The subgroup with fewer intact 
sutures began with 1.15-D WTR 
induced astigmatism. However, the 
decay of WTR induced astigmatism 
was greater in the subgroup with 
more intact nylon sutures. The sub- 
group with more intact sutures de- 
cayed 2.09 D toward ATR astigmatism 
and the group with fewer intact 
sutures decayed 1.40 D toward ATR 
induced astigmatism. This difference 
was not statistically significant 
(P = .16). 


COMMENT 


Cataract surgery, particularly with 
intraocular lens implantation, has 
evolved as a procedure of increasing 
sophistication and success in recent 
years. The goal of modern cataract 
surgery is to produce a pseudophakic 
eye with the quality of vision of a 
normal phakic eye. The attempt to 
achieve this goal has inevitably led to 
an ever-increasing emphasis on the 
control of postoperative astigmatism. 
Nevertheless, postoperative astigma- 
tism remains one of the more unpre- 
dictable and difficult-to-control as- 
pects of modern cataract surgery. 

In 1970, Troutman! directed atten- 
tion to a number of important con- 
cepts concerning postoperative astig- 
matism, particularly as it related to 
closure with 10-0 monofilament nylon 
sutures. These concepts included (1) 
the importance of measuring preoper- 
ative astigmatism, (2) recognition of 
the role of interrupted 10-0 nylon 
sutures in producing wound compres- 
sion that induces WTR astigmatism, 
and (3) observation of the fact that 
10-0 nylon sutures are absorbed after 
about one year postoperatively. 

In 1975, Jaffe and Clayman? intro- 
duced the concept of induced astigma- 
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tism and used the term for the first 
time to analyze postoperative astig- 
matism changes. This proved to be a 
more useful concept than that of sim- 
ply considering “final astigmatism.” 
They also observed that corneal astig- 
matism could change “over long peri- 
ods of time,” though no data were 
presented to support this statement 
or to characterize the nature of such 
long-term changes. 

In 1982, Stainer, Binder et al? pub- 
lished time profiles of postoperative 
induced astigmatism in eyes in which 
8-0 polyglactin and 10-0 nylon clo- 
sures were used. They reviewed previ- 
ous findings and made comprehensive 
suggestions for the management of 
postoperative astigmatism. 

Since then, numerous time profiles 
of postoperative induced astigmatism 
have been published for various 
sutures, including interrupted 7-0 
chromic gut, interrupted 9-0 silk,‘ 
interrupted 8-0 silk,’ interrupted poly- 
glactin, running 10-0 nylon, inter- 
rupted 10-0 nylon,?** and combined 
interrupted 10-0 nylon and 9-0 silk.’ 

These studies showed that for two 
to 12 months after surgery, chromic 
gut, silk, and polyglactin sutures all 
produce varying amounts of ATR 
induced astigmatism. Interrupted 10- 
0 nylon sutures, however, have been 
shown to induce WTR astigmatism 
over the same period. This feature has 
led some to advocate the use of tightly 
tied 10-0 nylon sutures when the 
desire was to produce WTR induced 
astigmatism postoperatively.2*> The 
presumption here has been that the 
WTR induced astigmatism produced 
at two to 12 months would be perma- 
nent. 

The purpose of this study was to 
determine if, with the use of a cata- 
ract wound closure of 10-0 interrupted 
nylon sutures, it was indeed possible 
to permanently change corneal astig- 
matism from its preoperative value, 
toward either WTR or ATR astigma- 
tism. To do this, we followed up our 
patients prospectively for three years 
following surgery. 

Astigmatism changes during the 
first three postoperative months are 
not presented because marked 
changes in astigmatism may occur 
during this period, particularly if 
sutures are cut. In this study, the 
three-month postoperative astigma- 
tism value represented that point in 
the evolution of the corneal curvature 
where any suture cutting, if neces- 
sary, had already been accomplished, 
and no further manipulation of the 
wound was performed either in the 
form of additional suture cutting or in 
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the use of steroids. This is a point 
where many investigators have con- 
sidered the corneal curvature to be 
relatively stable.’ 

Patients in group 1 (<0.5 D of in- 
duced astigmatism) did not remain sta- 
ble over the course of the study. There 
was a significant shift of 0.83-D in- 
duced astigmatism toward ATR astig- 
matism, which stabilized at about two 
years. This is in agreement with the 
findings of previous shorter studies.’ 

Patients in group 2 (ATR group) 
had an average induced astigmatism 
of 1.58 D ATR three months after 
surgery. In these patients, there was a 
small change of 0.25-D induced astig- 
matism toward WTR astigmatism 
between three and nine months. 
Thereafter, the induced astigmatism 
was stable. 

These data support the concept that 
it is possible to permanently alter 
corneal astigmatism toward more 
ATR with the described technique of 
cataract wound closure with inter- 
rupted 10-0 nylon sutures. The impli- 
cation for the cataract surgeon is that 
it is possible to permanently reduce 
preoperative WTR astigmatism by 
appropriate postoperative cutting of 
nylon sutures. Previous studies had 
demonstrated that chromic gut, poly- 
glactin, and silk all could be used to 
reduce preoperative WTR astigma- 
tism over the short term.?* Our long- 
term study demonstrated that, with 
the use of appropriate suture cutting, 
the same can be done with interrupted 
10-0 nylon sutures. The study also 
confirmed that the change is perma- 
nent. 

Patients in group 3 (WTR group) 
had an average induced astigmatism 
of 1.50 D WTR three months after 
surgery. Their astigmatism was not 
stable, but gradually shifted toward 
ATR astigmatism over the entire 
course of the study. By three years, 
the average induced astigmatism had 
actually become ATR. 

These data demonstrate that it is 
not possible to consistently induce 
permanent WTR astigmatism using 
the cataract wound closure technique 
described in this study. Of the 22 eyes 
in group 8, only one failed to decay 
toward ATR induced astigmatism 
during the three years of the study. It 
is interesting to consider that had we 
terminated this study after six 
months, or even one year, as had been 
done in previous studies, we would not 
have observed these changes. 

The implication of these data for 
the cataract surgeon is that it is not 
possible to consistently induce perma- 
nent WTR astigmatism using the cat- 
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aract wound closure technique de- 
scribed in this study. Any reduction in 
preoperative ATR astigmatism is only 
temporary, and after two years the 
astigmatism will, on the average, 
return to its preoperative ATR config- 
uration. Between years 2 and 3, it may 
actually move even a bit further 
toward ATR. This refutes the notion 
that ATR astigmatism can be perma- 
nently reduced by simply tying inter- 
rupted nylon sutures tightly. It con- 
firms the result reported by Richards 
et al’ that surgically induced astigma- 
tism can continue to change for at 
least three years after surgery and 
generally occurs toward ATR astig- 
matism. 

We believe that the explanation for 
this phenomenon is that nylon deteri- 
orates and loses its structural integri- 
ty between one and two years postop- 
eratively. Even at this late time, as 
the compressive forces of the nylon 
dissipate, the wound relaxes, resulting 
in wound slippage and a subsequent 
movement toward ATR. This is the 
same mechanism believed to be 
responsible for the ATR induced 
astigmatism seen with absorbable 
sutures.**’° The only significant dif- 
ference with nylon is the late date at 
which this action occurs. 

If this process occurs as we specu- 
late, then it should not theoretically 
make any difference how many intact 
nylon sutures remain at the three- 
month postoperative juncture. All the 
sutures should gradually lose their 
structural integrity, and therefore all 
WTR induced astigmatism should 
tend to evolve toward ATR astigma- 
tism no matter how many sutures 
were present. 

To test this hypothesis, we divided 
group 3 into two subgroups: those 
with five to nine intact nylon sutures 
and those with zero to four intact 
nylon sutures. The subgroup with 
more intact nylon sutures started 
with a higher induced WTR astigma- 
tism than the subgroup with fewer 
intact sutures (1.99 vs 1.15 D). Howev- 
er, the shift toward ATR astigmatism 
over the three years of the study was 
actually greater in the group with 
more intact sutures, though this dif- 
ference was not statistically signifi- 
cant (Table). Indeed, two eyes in 
group 3 had all their nylon sutures 
intact, and both of these decayed 
toward ATR astigmatism, as did the 
rest of the eyes in the group. One 
cornea decayed 1.59 D and the other 
decayed 2.25 D toward ATR astigma- 
tism. This is to be compared with the 
group 3 average of 1.69-D decay 
toward ATR astigmatism. 
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Several questions may arise with 
regard to these data. Why were there 
so few patients with all intact 
sutures? Why were there relatively 
few patients with WTR induced astig- 
matism at the three-month postoper- 
ative period? After all, nylon is tradi- 
tionally supposed to be associated 
with WTR induced astigmatism. The 
answer lies in the approach to suture 
cutting used throughout the study. It 
was the commonly held belief, at the 
time this prospective study was initi- 
ated, that the astigmatism seen after 
suture cutting at seven to eight weeks 
would remain stable. Therefore, 
sutures were cut in such a way as to 
try to produce nearly spherical corne- 
as. In the progress, some corneas 
developed ATR induced astigmatism. 
Furthermore, as the study demon- 
strates, even those with WTR induced 
astigmatism at three months still 
tended to decay significantly toward 
ATR astigmatism throughout the 
course of the study, and this occurred 
no matter how many intact nylon 
sutures were present. 

Are there other surgical techniques 
that might avoid this shift toward 
ATR induced astigmatism? Some 
techniques that might be worth inves- 
tigating include small-incision sur- 
gery, posterior scleral flap incisions, 
the use of more permanent sutures, 


1. Troutman RC: Control of corneal astigma- 
tism in cataract and corneal surgery. Trans 
Pacific Coast Otolaryngol Ophthalmol Soc 1970; 
51:217-231. 

2. Jaffe NS, Clayman HM: The pathophysiolo- 
gy of corneal astigmatism after cataract extrac- 
tion. Ophthalmology 1975;79:615-630. 

3. Stainer GA, Binder PS, Parker WT, et al: 
The natural and modified course of post-cataract 
astigmatism. Ophthalmic Surg 1982;13:822-827. 

4. Gorn RA: Surgically induced astigmatism 
and its spontaneous regression. Ophthalmic Surg 


Arch Ophthalmol— Vol 107, March 1989 


such as polypropylene (Prolene) or 
polyester fiber (Mersilene), or the use 
of temporal incisions to flatten the 
horizontal meridian. The pattern of 
evolution of astigmatism seen in this 
study suggests the need to reconsider 
traditional approaches to both inci- 
sion sites and incision techniques and 
to practices of suture cutting. The 
data further reemphasize the need to 
evaluate any possible new techniques 
over a long period before drawing 
conclusions as to the efficacy of that 
particular procedure. 

To our knowledge, this study repre- 
sents the longest prospective evalua- 
tion of astigmatism following cata- 
ract surgery. The data presented have 
important practical implications for 
the cataract surgeon. 

First, it is important to perform 
careful preoperative keratometry. 
Only with a knowledge of the preoper- 
ative corneal curvature can the sur- 
geon compute induced astigmatism 
and make intelligent choices about 
where to leave the postoperative 
astigmatism at the conclusion of 
suture cutting. Second, this study 
demonstrates that it is possible to 
permanently change corneas toward 
more ATR astigmatism. Therefore, if 
a surgeon wishes to reduce or elimi- 
nate preoperative WTR astigmatism, 
sutures should be cut so as to leave the 


References 


1985;16:162-164. 

5. Wishart MS, Wishart PK, Gregor ZJ: Cor- 
neal astigmatism following cataract extraction. 
Br J Ophthalmol 1986;70:825-830. 

6. Kronish JW, Forster RK: Control of corneal 
astigmatism following cataract extraction by 
selective suture cutting. Arch Ophthalmol 1987; 
105:1650-1655. 

7. Jampel HD, Thompson JR, Baker CC, et al: 
A computerized analysis of astigmatism after 
eataract surgery. Ophthalmic Surg 1986;17:786- 
790. 


cornea nearly spherical. Patients so 
treated will behave like our patients 
in group 2 and tend to remain stable. 
Third, this study demonstrates that it 
is not possible to consistently change 
corneas toward more WTR astigma- 
tism using the cataract wound closure 
technique described in this study. It is 
a fallacy to believe that simply tying 
nylon sutures tightly can permanent- 
ly produce more WTR astigmatism. If 
a surgeon wishes to reduce or elimi- 
nate preoperative ATR astigmatism, 
other techniques need to be investi- 
gated. Finally, this study demon- 
strates that the proper evaluation of 
these or any other techniques to deal 
with astigmatism following cataract 
surgery must consider the long-term 
evolution of the cataract wound. We 
have demonstrated significant 
changes over the three-year postoper- 
ative period, and short-term studies 
may well leave the surgeon with an 
incorrect view of what the final astig- 
matism may actually be. Attempts to 
influence postoperative astigmatism 
by performing surgical procedures 
such as keratotomy incisions either at 
the time of cataract surgery or during 
the period of evolving postoperative 
astigmatism are probably imprudent, 
because there is no stable corneal 
curvature on which to plan a surgical 
strategy. 
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Visual, Refractive, and Keratometric Results of 


Epikeratophakia in Children 


A Two-Year Follow-up 


Risto J. Uusitalo, MD, Juha Lehtosalo, MD 


@ Fifty-two patients under the age of 
16 years (68 eyes) received epikerato- 
phakia grafts for the correction of apha- 
kia. In 27 eyes, epikeratophakia was a 
primary procedure combined with lensec- 
tomy. Fifteen children underwent bilateral 
surgery. Overall, the success rate was 
91%, and with repeated surgery it was 
94%. The average change in refractive 
error was 15.9 diopters (D) and the aver- 
age spectacle overcorrection was +0.3 D. 
Sixty-one percent (35/57) of the eyes 
were within 1 D of emmetropia and 97% 
(55/57) were within 3 D of emmetropia. 
Overall, the refraction was stable in the 
follow-up between six months and 1% 
years following surgery. However, a myo- 
pic shift of 2.0 D occurred between six 
months and 1% years in very young chil- 
dren following refractive surgery. The 
corneal curvature was measured only in 
older children and showed an average 
increase of 10.7 D. Visual acuity results in 
verbal patients were comparable to those 
in patients with contact lenses. The 
majority of smaller children demonstrated 
improvement in visual acuity with a combi- 
nation of epikeratophakia and amblyopia 
therapy. 

(Arch Ophthalmol 1989; 107:358-363) 
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Ppikeratophakia is a form of refrac- 
tive surgery that utilizes a corneal 
lenticule to alter the surface topogra- 
phy of the patient’s cornea. The proce- 
dure, first described by Kaufman! in 
1980, is a modification of the kerato- 
mileusis procedure of Barraquer. 
Several clinical studies have con- 
firmed the usefulness of epikerato- 
phakia for the correction of high ame- 
tropia*’ and keratoconus.*’ 
Epikeratophakia has been used suc- 
cessfully in aphakic children to cor- 
rect their refractive error.*'* The pro- 
cedure has been shown to be superior 
to other treatments in children who 
are contact lens failures or whenever 
optical noncompliance has hindered 
amblyopia therapy. The safety, 
effectiveness, and predictability of 
epikeratophakia has made it a desir- 
able option for the correction of apha- 
kia in most of the children operated 
on for cataract. The purpose of this 
report is to review our experience 
with epikeratophakias in children. 


PATIENTS, MATERIALS, AND METHODS 


In all aspects of the procedure we have 
followed the protocol used in the United 
States for the nationwide study of epikera- 
tophakia for the treatment of aphakia in 
children. We initially selected those 
patients with unilateral or bilateral apha- 
kia who were already contact lens failures 
or who were too noncompliant to benefit 
from contact lens therapy. For children 
with dense congenital cataracts who were 
under 1 year old, epikeratophakia was 
reserved as a secondary procedure. It was 
performed if contact lens therapy failed 
after cataract extraction. We have offered 
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to the parents of older children (>1 year 
old) undergoing cataract extraction epiker- 
atophakia as an optional alternative to 
contact lenses. In these patients epikerato- 
phakia was performed as a primary proce- 
dure; it was combined with cataract 
extraction and/or anterior vitrectomy. 


Classification of Cataracts 


For purpose of analysis, the patients 
were divided into seven groups. Because 
the cataracts in this series undoubtedly 
had different causes, we are not reporting 
surgical results of treatment in a specific 
disease entity; rather, we are reporting on 
a group of children with a particular clini- 
cal pattern familiar to all clinicians. 
Groups 1 to 3 all had unilateral dense 
cataracts (defined herein as congenital). 
The groups were divided as follows: group 
1, refractive surgery performed on chil- 
dren younger than 1 year of age; group 2, 
refractive surgery performed on children 
between 1 and 2 years of age; group 3, 
epikeratophakia surgery performed on 
children older than 2 years of age; group 4, 
children who had incomplete congenital 
cataracts and who experienced formed 
vision prior to the growth of the cataract; 
group 5, children who had surgery for 
traumatic cataracts; group 6, children who 
had bilateral congenital cataracts; and 
group 7, children with secondary cataracts 
caused by uveitis. Only patients with one 
or more months of follow-up were included 
in this report. 


Additional Diagnosis 


The important factors influencing the 
management of cataracts and the visual 
outcome are not only the structure of lens 
opacity—their bilateral or unilateral 
nature—but also their association with 
other ocular defects and other diseases. 
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Lenticule Power 


After complete ophthalmologic exami- 
nation, the children were anesthetized 
when needed, and A-scan axial lengths and 
keratometry readings were obtained. 
These measurements and retinoscopy pro- 
vided the dimensions for ordering the tis- 
sue lens. Predicted power was always 
based on retinoscopy when possible. All of 
the epikeratophakia tissue used in this 
study was commercially prepared (Al- 
lergan Medical Optics, Irvine, Calif). All 
these values are given later. 


Surgical Procedure and 
Postoperative Care 


Epikeratophakia was performed exactly 
as described earlier.” Postoperative care 
was as recommended by the US nationwide 
study. Sutures were removed usually 
three weeks postoperatively. Amblyopia 
therapy was begun when needed one week 
after suture removal, first by appropriate 
occlusion of the unoperated-on eye and one 
month later by initiating a patching pro- 
gram on a 4:l-day basis. A +3.00-diopter 
(D) overcorrection in a single-vision lens 
was prescribed as necessary for patients 
younger than age 2 years; older children 
were given a +2.50-D executive bifocal lens 
as needed. 


Definition of Success in the 
Epikeratophakia Procedure 


Success herein is defined as an uncom- 
plicated surgical procedure, normal epithe- 


> lialization, and a normal early postopera- 


tive period. 
Data Analysis 


Nonpaired Student’s t test was used to 
determine the significance in the differ- 
ence in refractive measurements between 
different time periods. 


RESULTS 


Fifty-two children (68 eyes) 
younger than 16 years of age have had 
epikeratophakia surgery performed 
since 1985. Of the 70 refractive sur- 
gery procedures, 91% (64/70) were 
successful (Table 1). Two failed grafts 


—were replaced successfully, so in all, 


~g 


94% (49/52) of patients had successful 
grafts. Forty-one eyes were aphakic 
and underwent refractive surgery as a 
secondary procedure. In 27 eyes, epi- 
keratophakia was performed as a pri- 
mary procedure combined with lens- 
ectomy. Fifteen patients had bilateral 
surgery for bilateral cataracts. 


Change in Keratometry and 
Refraction 


The preoperative data for each 
group are displayed in Table 2. The 
predicted power was higher for 
younger patients. Average keratome- 
try values varied much less except in 
microphthalmic eyes. The power of 
tissue lenses (Kerato-Lens, Allergan 
Medical Optics) averaged only 0.3 D 
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No. of 
Patients 


Group Category" 


Table 1.—Summary of Patient Categories 


No. of 
Patient Refractive 
Success, % Operations 





Graft 
Success, % 


1 Congenital cataracts <12 mo 1 100 1 100 
(n = 1) 
0 5 80 


2 Congenital cataracts 12-24 mo 
(n = 5) 


8 


3 Congenital cataracts >24 mo 6 100 6 100 
(n = 6) 
100 11 100 


4 Incomplete congenital cataracts 
(n = 11) 


5 Traumatic cataracts (n = 13) 
6 Bilateral cases (n = 25) 


13 100 14 93 

i 13 85 26 85 
(n = 7) 

52 94 70 91 


*n indicates number of eyes. 


Table 2.—Changes in Keratometry and Refraction: Preoperative Data * 


Age, mo, at 
Refractive 
Surgery 


Age, mo, at 
Cataract 


Groupt Extraction 


Predicted Average Lenticule 
Power, Keratometry, Power, 
D D D 


1 (n= 1) 12.0 +18.1 50.0 +19.0 


2.0 
DAF 19 


17.4 + 3.0 
39.0 + 11.5 


Total 


(n = 68) 51.9 


*Values are mean + SD. D indicates diopters. 
tn indicates number of eyes. 









Groupt 
1 (n = 1) 











—0.2 + 0.6 (4) 
—0.1 + 0.3 (4) 
+0.9 + 1.7 (10) 
+0.5 + 2.6 (10) 
+0.1 + 1.0 (22) 
+1.7 + 0.7 (6) 
+0.3 + 1.6 (57) 


4 (n= 11) 
5 (n = 13) 
6 (n = 25) 
















Total (n = 68) 


“Values are mean + SE. 
tDescriptions of groups are given in Table 1. 


+18.8 + 2.4 
+16.6 + 3.2 





0.0 + 0.3 (3) 
—0.3 + 0.5 (4) 
+1.0 + 1.4 (8) 
+0.3 + 1.3 (3) 
—0.9 +°0.5 (8) 
+0.6 + 1.0 (6) 
+0.1 + 1.2 (33) 


+18.6 + 1.4 
+16.6 + 3.4 
+15.5 + 3.8 
+14.1 + 3.2 
+17.9 + 4.9 
+15.6 + 1.6 


47.9 + 3.8 


+16.5 + 4.0 


—0.5 + 0.4 (2) 
—0.3 + 1.0 (3) 
+1.1 + 1.2 (4) 
—1.3 (1) 

—1.9 + 1.6 (6) 
+1.3 + 1.0 (3) 
—0.3 + 1.7 (19) 













—0.9 + 1.5 (3) 
+3.0 (1) 
—1.3 (1) 










—0.2 + 2.1 (5) 


D indicates diopters. Numbers in parentheses indicate the number of eyes. 


greater than the predicted (required) 
power. 

Mean (+SE) spherical equivalent 
(predicted) before surgery was +16.2 
D and six months after surgery it was 
+0.3 D (Table 3), with a range of —6.0 
to +4.75 D. Sixty-one percent (35/52) 
of the eyes were within 1 D of emme- 
tropia and 97% (55/87) of the eyes 
were within 3 D of emmetropia. The 
average change in refractive error at 
six months after surgery was 15.9 D. 
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The average increase in corneal curva- 
ture could be obtained only in older 
children (groups 4, 5, and 7). These 
keratometric values preoperatively, at 
six months, at one year, and at 1% 
years are seen in Table 4. The change 
in the SE after the surgery was 
greater than the change in average 
keratometric value. 

Average refractive errors at six 
months, one year, 1% years, and two 
years after surgery are given in Table 


359 


eyes showed visual acuity results 20/ 
PIE ES ea 40 or better. 

Average Keratometry, Dt 
LT, 


x Complications and Failures u 
Postoperative 


There were six graft failures in 
these children. Two of these children 
with graft failure had Down’s syn- 
drome and one also had a dry eye; 
epithelialization failed in both chil- 
dren. One child had graft failure in 


Preoperative 1y 
43.7 + 1.9 (11) 53.6 + 1.8 (4) 53.6 + 1.2 (2) 
+ 2.4 (13) 52.9 + 2.0 (5) 54.3 + 0.2 (2) 
+ 2:7 (25) 58.7 + 
+ 1.4 (7) + 2.3 (5) 
Total (n = 56) 44.1 + 2.3 (56) 54.8 + 3.5 (18) 


wy 
4 (n= 11) 54.4 (1) 
5 (n = 13) 
6 (n = 25) P 
53.7 + 4.4 (3) 


53.9 + 3.6 (4) 


55.2 + 1.3 (6) 
54.7 + 1.2 (10) 


"Values are mean + SE. D indicates diopters. 





tD indicates diopter. Numbers in parentheses indicate number of eyes. 


Descriptions of groups are given in Table 1. 


3. From these data, it can be seen that 
the average change in refraction dur- 
ing the period of six months to 1% 
years was —0.6 D. This change was not 
statistically significant (P > .05). 
There was, however, a significant 
change in refractive errors in group 6 
for the same time period of six 
months to 1% years (P < .01). Simi- 
larly, there were no changes in the 
corneal curvature between six months 
and one year (Table 4). All groups in 
Table 4 have shown stability in corne- 
al curvature during the follow-up. 
There was, however, a single case (a 
child with uveitis associated with sar- 
coidosis) in which several diopters of 
corneal power were lost 1% years 
after the surgery. 


Visual Acuity 


The best corrected visual acuity 
results for the children are listed in 
Tables 5 through 9. The age at cata- 
ract extraction and the age at refrac- 
tive surgery are given for children 
with congenital cataracts. All visual 
acuities were based on their fixation 
patterns or verbal acuities. 

All the children listed in Table 5 
were intolerant for contact lens wear. 
The time spent trying to fit contact 
lenses can be seen by comparing the 
age at refractive surgery and the age 
at cataract extraction. Overall, there 
was improvement in six of nine 
patients. Only three were able to coop- 
erate in verbal testing. Two children 
are clear failures (patients 6 and 8) 
and vigorous amblyopic treatment 
has been stopped. In two patients, 
postoperative visual acuity was not 
tabulated due to too short of a follow- 
up period (one month). The graft is 
clear in all these 11 patients and the 
two failures are thought to be good 
candidates for pleoptic treatment 
later. 

The children listed in Table 6 were 
thought to be poor candidates for con- 
tact lens wear, and in all the cases, 


combined lensectomy and refractive 
surgery were performed. In five of 
eight patients, best corrected visual 
acuities were 20/40 or better. Patient 
7 was reoperated on for secondary 
cataract at 1% years following com- 
bined extracapsular cataract extrac- 
tion and refractive surgery. Postoper- 
ative visual acuity in patient 9 was not 
tabulated due to too short of a follow- 
up period. 

Children who had traumatic cata- 
ract are all listed in Table 7 (one 
patient with a failed graft has been 
reoperated on successfully). In eight 
patients, only epikeratophakia was 
performed and we had preoperative 
best corrected visual acuities with 
contact lens comparable to postopera- 
tive visual acuities. In all patients, 
visual acuity was either the same or 
better compared with preoperative 
visual acuities. Five children younger 
than age 6 years had traumatic cata- 
racts and three of them showed visual 
acuities better than 20/50 after cata- 
ract extraction, refractive surgery, 
and vigorous amblyopia treatment. 
Two of these patients underwent an 
epikeratophakia over a penetrating 
keratoplasty (patients 4 and 12). One 
of these children (patient 8) younger 
than age 6 years is still preverbal. 

The children listed in Table 8 are 
the most heterogeneous group with 
bilateral congenital cataracts. Most of 
the patients were nontolerant of both 
contact lenses and spectacles. There 
were only four children who gave ver- 
bal visual acuities in this group and 
who definitively showed good results. 
Three of the children (patients 6, 9, 
and 10) listed in Table 8 have devel- 
oped nystagmus and probably will not 
have good visual outcome. Our clinical 
impression is that all 12 of these 
patients have achieved significant 
vision to allow them to navigate, play 
games, and detect colors. 

The children in Table 9 all had 
severe uveitis and were thought to be 
contact lens intolerant. Four of seven 
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both his eyes (group 6) and later was 

diagnosed as having celiac disease. It 

was suspected that these grafts were 

partly rubbed off by the child in the 

early postoperative period and they 

failed to epithelialize. One graft fail-, 
ure was seen in a healthy boy who had 

a traumatic cataract operated on ear-~ 
lier (group 5). At the time of suture - 
removal, an epithelial defect was seen 

that did not react to tarsorrhaphy; 

this eye has been successfully reoper- 

ated on. A sixth graft failure was seen 

in a l-year-old girl who had already 

had the other eye operated on. The 

graft failed to epithelialize; this eye 

has been successfully reoperated on. 


In those patients who had the epi- 
keratophakia graft removed because 
of failure to epithelialize, there were 
no changes in corneal curvature. In 
five patients, no permanent defect to 
the host cornea was seen. In one of 
them (first failed graft), lenticule 
removal was delayed and had caused 
permanent haze and vascularization 
of the recipient cornea. The fellow eye 
of this boy (who has Down’s Syn- 
drome and dry eye) has now been 
successfully operated on. 

An interface opacity was seen in the 
periphery of three grafts, but the 
opacities did not progress. A staphylo- 
coccal ulcer that developed in another 
graft six months after surgery was 
treated with topical and oral antibiot- 
ics, which resulted in complete heal- 
ing with some peripheral stromal 
haze and scarring that did not inte- 
fere markedly with vision. In one 
child who had had surgery for trau- 
matic cataract, a retinal detachment 
developed after refractive surgery and 
anterior vitrectomy. After several 
operations, visual acuity is hand 
motions and the retina is detached. In 
another patient who had severe bilat- 
eral chronic uveitis, an exudative reti- 
nal detachment was seen to develop 
two months following epikeratopha- 
kia. Both of these retinal detachments 
were thought to be unrelated to 
refractive surgery. 


COMMENT d 


This study presents the two-year 
follow-up results on the first 70 epi- 
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Age, mo, at 
Refractive 
Surgery 


Age, mo, at 
Cataract 
Extraction 


Patient 


18 UC, US, UM 


nse Unilateral Congenital Cataracts 


Visual Acuityt 


OO eee 
Preoperative 


Postoperative Follow-up, mo 


C,S,M 


16 UC, US, UM 20/100, F 


34 US, US, UM 


C, US, UM 
C,S,M 


UC, US, UM 


UC, US, UM 
20/20, F 


20/400, F 





*The numbers in parentheses indicate the group (see Table 1). All patients in groups 1 and 3 are tabulated 
above. Four of five patients in group 2 are tabulated; one graft failed. Patients 1 through 3 had microphthalmic 
eyes. Patient 4 had an anomaly of the optic nerve (Bergmeister’s pupil). Patient 7 had severe bronchial asthma. 
Visual results for patients 10 and 11 are not tabulated as follow-up is only one month. 

tUC indicates uncentral; US, unsteady; UM, unmaintained; C, central; S, steady; M, maintained; and F, 


Ffooks cubics. 
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Table 6.—Visual Acuities in Children With Incomplete Congenital Cataracts 


Visual Acuity 


ee eres _ 


1 20/2004 20/304 20 
2 CF 20/200¢ 20 
3A 20/1208 20/2004 20 


4 20/ 120§ 20/404 5 
5A C, US, UM 20/1208 20 


5B C, US, UM 20/ 120§ 17 
6 20/ 1004 20/30¢ 10 


7 20/ 100¥ 20/404 30 
8 20/ 100F 20/404 6 













Postoperative Follow-up, mo 


* A and B indicate different eyes of the same patient. In this group of nine patients, all 11 eyes are tabulated. 
Visual acuity results for patient 9 are not given since follow-up is only one month. Patient 2 had horizontal 
nystagmus before the operation. Patient 3 had Lowe's syndrome, and patient 5 was mentally retarded. All 
patients had combined cataract extraction and refractive surgery. 

+CF indicates counting fingers; US, unsteady; UM, unmaintained; and C, central. 


Snellen line chart. 
§Ffooks cubics. 


keratophakia operations performed in 
children by one of us (RJ.U.). By 
comparing the overall success rate of 
the procedure with the US nationwide 
study results in which operations 
were performed by 97 surgeons, a 
remarkable similarity is seen. The 
overall success rate for tissue lenses 
in this study was 91% (64/70) and in 
the US nationwide study it was 89%. 
With repeated epikeratophakia, the 
overall success rate for this study was 
94% and it was 95% for the US 
nationwide study. Both these results 
are better than the rates found in 
several preliminary reports’ and 
probably reflect the advantage of cen- 
tralization of the fabrication process 
of tissue lenses (Kerato-Lens). 

The major reason for removal ot 
tissue lenses in our study was persis- 
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tent epithelial defect. Two of the 
failed grafts were in children who had 
Down’s syndrome and in one child 
(graft failure in both eyes) who had 
celiac disease. It would be easy to 
suspect that these diseases had some 
influence on the persistent epithelial 
defect. No bacterial infection was ver- 
ified as to the reason for graft remov- 
al. In the case of five of the six 
removed grafts, we suspected that the 
child had rubbed the eye and caused a 
persistent traumatic defect on the 
sensitive donor Bowman’s membrane 
and that reepithelialization did not 
cover the deformed membrane. Since 
six of 45 children were treated in 
homes where the mothers or both 
parents were visually handicapped, it 
is quite understandable that such 
accidents happen, although the oper- 


ated-on eye is covered with a plastic 
shield for protection. 

In terms of accuracy (intended cor- 
rection vs achieved correction), 61% 
(35/57) of the eyes were within 1 D of 
emmetropia and 97% (55/57) of the 
eyes were within 3 D of emmetropia. 
These results are much better than 
those of the US nationwide study” 
and several other reports.**!> This can 
be due to the fact that the children 
who were less than 12 months of age 
underwent refractive surgery as a sec- 
ondary procedure at the time when 
predictability is much better, as 
shown by Morgan et al. The credit 
for the accuracy of the procedure does 
not go to the surgeon. We believe the 
credit goes to the exact tissue process- 
ing technique developed at the Louisi- 
ana State University Eye Center," 
Shreveport, and performed centrally 
by Allergan Medical Optics. In our 
study, we have shown that we can add 
an average of +16.5 D with an epiker- 
atophakia graft and that the amount 
of correction is remarkably predict- 
able. 

The average change in refraction 
over time showed a myopic shift of 0.6 
D during a period of six months to 1% 
years after the refractive surgery. 
This change was not statistically sig- 
nificant. We documented, however, a 
significant myopic shift of 2 D in 
group 6 (P <.01). All the children in 
group 6 are very young and there 
seemed to be correlation between the 
age of the child and the myopic shift. 
The younger the child, the more evi- 
dent the myopic shift in refraction 
during the follow-up. Similar results 
have been shown by Morgan et al" 
who showed 1.5 D of myopia per year. 
It is possible that this is a reflection of 
the normal growth pattern with these 
eyes. On the other hand, it has been 
shown that complete corneal wound 
healing can take even 66 months” and 
that it is possible that there is an 
increase in the corneal curvature over 
a time right after the operation and 
extending several years. 

When analyzing our visual results, 
the lack of visual acuity data on a 
substantial proportion of children is 
evident: many of the children were 
preverbal at the time of surgery and 
transposition of Ffooks cubics visual 
acuities to Snellen equivalent is not 
precise. The children who were oper- 
ated on for traumatic cataract (Table 
7) were a group of children in whom 
best corrected visual acuities with 
contact lenses were compared with 
visual acuities after epikeratophakia. 
In six of the patients (Table 8), only 
epikeratophakia was performed and 
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Table 7.—Visual Acuities in Children With Traumatic Cataracts 


Age, y/mo, Deprivation Visual Acuityt 


Patient at Refractive Interval, Ocular er Follow-up, 
Preoperative Postoperative 


No. * urgery mo Complications mo 
10/2 8 Hyphema 20/204 20/204 16 
3/9 8 Corneal laceration C, US, UM 20/304 17 


1 
2 
3 11/1 36 Corneal laceration, retinal CF 20/ 100¢ 8 

detachment 

Corneal laceration, 20/2004 20/ 1004¢ 

penetrating 

keratoplasty, glass 

within retina 











5 15/5 35 Inoperable retinal CF HM 19 
detachment 

8 1/11 9 Corneal laceration C, US, UM C, S,M 6 

<i 5/8 10 Corneal laceration 20/404 20/504 10 

10 11/0 14 Hyphema CF 20/404¢ 6 

11 7/0 9 Corneal laceration 20/304 20/ 100¢ 3 

12 5/9 17 Corneal laceration CF ie’ 1 
penetrating keratoplasty 

13 9/1 10 Corneal laceration 20/30¢ Re 1 


*In this group of 13 patients, all are tabulated above (one had a failed graft and has been reoperated on successfully [patient 11]). Patients 1, 2, 4,6, 8, 11, 12, and 13 
had only epikeratophakia performed. Patients 4 and 12 underwent penetrating keratoplasty before refractive surgery. Patients 3 and 10 had combined cataract extraction 
and refractive surgery. Patients 5, 7, and 9 had membranectomy and anterior vitrectomy (due to secondary cataracts) combined with refractive surgery. 

THM indicates hand motions; CF, counting fingers; US, unsteady; UM, unmaintained; C, central; S, steady; and M, maintained. 

Snellen line chart. 

§Ffooks cubics. 


Table 8.—Visual Acuities in Children With Bilateral Congenital Cataracts 


Visual Acuityt 





Age, mo, at Age, mo, at —_—— ee 
Patient No.* Cataract Extraction Refractive Surgery Preoperative Postoperative Follow-up, mo 
1B 6 18 
2B 6 69 20/604 20/ 100§ 5 
3A 9 9 US, US, UM C, S,M 20 


3B 9 9 UC, US, UM C, S,M 20 


on 


6B 4 17 i UC, US, UM C, US, UM 25 
7A 2 63 20/200§ 20/50§ 16 
BA 2 11 C, US, UM | C,S,M 10 
8B 2 14 UC, US, UM C, US, UM 7 
9A 4 11 C, US, UM C, US, UM 27 
9B 4 12 UC, US, UM C, US, UM 26 

8 


10 A 121 121 20/400§ 20/200§ 


* A and B indicate different eyes of the same patient. In this group of 13 patients (26 eyes), 22 eyes are tabulated above: four grafts failed and one patient (8 B) was 
reoperated on successfully. Patient 1 had Down's syndrome with dry eyes and the first graft operation (1 A) failed. Patient 3 had multiple congenital anomalies and both 
eyes were operated on in one session. Patient 10 had horizontal nystagmus. 

tUC indicates uncentral; US, unsteady; UM, unmaintained; C, central; S, steady; M, maintained; and HM, hand motions. 

+Ffooks cubics. 


§Snellen line chart. 
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Preoperativet Postoperative 
















1 20/ 100¢ 20/304 9 
2A 20/ 100F 20/304 18 
2B 20/604 20/2004 10 
3A LP 20/2004 20 
3B LP 20/404 17 
4 20/25¢ 20/204 

5 20/200¢ 20/504 








* A and B indicate different eyes of the same patient. In this group of five patients, all seven eyes operated on 
are tabulated. Patient 1 had uveitis associated with severe bronchial asthma. Patient 2 had chronic bilateral 
uveitis of unknown origin. Patient 3 had uveitis associated with sarcoidosis. Patients 4 and 5 had uveitis 
associated with juvenile rheumatoid arthritis. Only refractive surgery was performed on patients 2B and 4. In all 


others, combined cataract extraction and refractive surgery were performed. 


+LP indicates light perception. 
Snellen line chart. 


we had a preoperative best corrected 
visual acuity with contact lenses com- 
parable to postoperative visual acui- 
ties. In all patients, visual acuity was 
either the same or better compared 
with preoperative visual acuity. 

The children who had incomplete 
congenital cataracts were those who 
had some formed vision prior to cata- 
ract extraction. They all had a uni- 
form increase in visual acuity, and 
five of eight children had visual acui- 
ties better than 20/40. Similarly, older 
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children who had secondary cataracts 
and refractive surgery developed good 
visual acuities, although they varied 
with the ocular defect caused by uve- 
itis. All these visual results confirm 
earlier reports that visual acuity 
results with epikeratophakia are com- 
parable to those with contact 
lenses.” 

The problems associated with con- 
genital cataracts are difficult to cor- 
rect because in these patients ambly- 
opia is difficult to reverse. In the case 
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of unilateral cataract, it is only by 
very early surgery followed by a pro- 
vision of an optical correction and 
appropriate occlusion therapy that 
any chance is provided of obtaining 
good vision in the aphakic eye and 
ultimately some form of fusion. 
Visual acuity results clearly varied in 
these children with the timing of 
refractive surgery, density of ambly- 
opia, and the ability of the parents to 
maintain the patching schedule. In 
this respect our results are similar to 
those presented earlier by Morgan et 
al. The majority of the children with 
unilateral dense congenital or bilater- 
al cataracts demonstrated improve- 
ment in visual acuity results with a 
combination of epikeratophakia and 
amblyopia therapy. The permanence 
of the optical correction provided by 
epikeratophakia has allowed more 
time and energy to be devoted to the 
patching of the sound eye. Longer 
follow-up and full-line Snellen visual 
acuity testing are needed to be certain 
of the full efficacy of this procedure in 
children. 
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The Use of Contact Lenses After 
Keratoconic Epikeratoplasty 


Richard G. Lembach, MD; Jonathan H. Lass, MD; Eric G. Stocker, OD, MS; Richard H. Keates, MD 


@ Thirty-three epikeratoplasties were 
performed on 31 keratoconic contact 
lens intolerant patients. Thirty-two of 
these procedures were anatomically suc- 
cessful with clear lenticules and flatten- 
ing of the postoperative keratometric 
measurements in all but one eye. One 
patient’s lenticule developed a persistent 
epithelial defect that eventually required 
its removal at 42 days. This patient subse- 
quently underwent a successful penetrat- 
ing keratoplasty. Of the 32 eyes that were 
anatomically successful, 20 eyes in 19 
patients were able to achieve satisfactory 
visual improvement requiring either no 
correction or spectacle lenses. Twelve 
eyes in 11 patients were successfully refit 
with contact lenses for anisometropic 
refractive errors (11 eyes) and residual 
irregular astigmatism (one eye). Three 
patients (two in the non-contact lens 
group and one in the contact lens group) 
have subsequently undergone penetrat- 
ing keratoplasty for further visual 
improvement. Our data suggest that the 
majority of keratoconic epikeratoplasties 
achieve a satisfactory visual result either 
unaided or with spectacles; however, 
those patients who wish to resume con- 
tact lens wear may do so successfully. 

(Arch Ophthalmol 1989; 107:364-368) 
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eratoconic epikeratoplasty has 

been shown to be safe and effec- 
tive in the correction of keratoconus.!* 
The procedure is recommended for 
those patients with keratoconus who 
are contact lens intolerant, but who 
can obtain at least 20/40 visual acuity 
with a contact lens and have minimal 
or absent apical scarring. 

Keratoconic epikeratoplasty is 
evolving in its application and tech- 
nique, providing an alternative to con- 
tact lens intolerant keratoconic 
patients with mild to moderate kera- 
toconus. The anatomic success of this 
procedure is measured by effective 
corneal flattening and providing a 
regular refracting surface converting 
the irregular astigmatism, which is a 
hallmark of keratoconus, to a spheri- 
cal or residual regular astigmatism 
(Fig 1). Those patients who have nota- 
ble corneal flattening and residual 
regular keratometric astigmatism can 
benefit from improved uncorrected 
vision and can obtain spectacle correc- 
tion for residual refractive errors. 
There are those patients, however, 
who wish to resume contact lens wear 
because of additional improved visual 
acuity over the best spectacle correc- 
tion obtained or those patients who 
wear a contact lens in the opposite eye 
and wish to resume contact lens wear 
to correct anisometropic differences 
between the two eyes. 

Smiddy et alf have recently 
described the use of gas permeable 
and special design contact lenses in 
patients with keratoconus who were 
thought to be contact lens intolerant 
to delay or correct the need for pene- 
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trating keratoplasty. This report is 
retrospective and predates the clinical 
development of keratoconic epikerato- 
plasty in the treatment of these 
patients. Belin et al,’ report similar 
success in refitting keratoconic con- 
tact lens intolerant patients during 


the period that keratoconic epikerato- © 


plasty was available but did not rec- 
ommend keratoconic epikeratoplasty 
because of poor visual results. The 
long-term results of keratoconic epi- 
keratoplasty are only now being 
reported; this increases our under- 
standing of how effective this proce- 
dure is in managing truly contact lens 
intolerant patients as an alternative 
to penetrating keratoplasty. 

This report reviews the similarities 
and differences in the visual and 
refractive results of those patients 
resuming contact lens wear with those 
patients wearing spectacles or no cor- 
rection after keratoconic epikerato- 
plasty. This analysis helps to better 
our understanding of the role of kera- 
toconic epikeratoplasty in the man- 
agement of keratoconus. 


PATIENTS AND METHODS 


The first 33 consecutive epikeratoplas- 
ties were performed on 31 keratoconic con- 
tact lens intolerant patients. These 
patients were selected according to the 
nationwide keratoconus epikeratophakia 
study.’ Surgical technique and postopera- 
tive management were according to the 
nationwide study protocol.’ In all cases 
patients electing to undergo keratoconic 
epikeratoplasty were candidates for pene- 
trating keratoplasty because of their 
inability to successfully wear contact 
lenses.’ Contact lens intolerance was 
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Fig 1.—Top, Preoperative photokeratoscopic 
photograph demonstrating irregular astigma- 
tism. Bottom, Two-month postoperative photo- 
keratoscopic photograph of same patient 
demonstrating correction of irregular astigma- 
tism. 


defined as a condition in patients who 
could not achieve full daily wear for their 
occupational or personal needs, inability to 
wear lenses because of continued decentra- 
tion and lens loss, foreign-body sensation, 
recurrent erosion, and pain. All patients 
had a best corrected visual acuity of 20/40 
or better preoperatively with contact 
lenses. The procedures were performed by 
four surgeons at Ohio State University, 
Columbus, and one surgeon at Case West- 
ern Reserve University, Cleveland. In all 
patients a single-bladed 8.5-mm Baron- 
Hessberg trephine was used to perform a 
0.2-mm or less keratotomy. A 1.0-mm 
annular keratectomy was performed with 
lamellar dissection of the host periphery to 
aid in the placement of an average 16 
interrupted 10-0 nylon sutures with all 
knots buried on the host side. 
Uncorrected, spectacle-corrected, and if 
indicated, contact lens-corrected visual 
acuities and keratometric readings were 
obtained beginning one month postopera- 
tively. Sutures were selectively removed 
from the sixth to the 12th week postopera- 
tively to control postoperative astigma- 
tism. In all cases, suture removal was 
completed by the third month postopera- 
tively. Patients were considered to have 
achieved their final best visual result when 
keratometric measurements were stable 
and the best uncorrected or corrected 
visual acuity could be documented as sta- 
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Table 1.—Patient Characteristics 


Entire 
Series 


No. of patients 


Non-Contact 
Lens Wearers 


Contact Lens 
Wearers 


30 11 19 
32 12 20 


35.1 + 8.4 


Follow-up, mo 


Mean + SD 26.1 + 9.4 





ble at two successive visits. Patients were 
considered for contact lens fitting only 
when this end point had been achieved. All 
contact lenses were fitted using a trial lens 
method with an overcorrection to obtain 
final contact lens power. 

The preoperative and postoperative 
visual and refractive data were analyzed 
for two specific groups: the contact lens 
wearers and non-contact lens wearers. The 
mean + SD uncorrected, spectacle-cor- 
rected, and contact lens-corrected visual 
acuities were determined preoperatively 
and at the time of their final correction for 
all the patients as well as both individual 
groups. In addition, the mean average ker- 
atometry and the mean manifest spectacle 
cylinder preoperatively and postoperative- 
ly were determined then. The statistical 
test used in analyzing the data was the 
nonpaired Student t test for the differences 
between each group. The paired Student ¢ 
test compared differences from preopera- 
tive and postoperative visual and refrac- 
tive measurements for all the patients and 
for each group. 


RESULTS 


Of the 33 keratoconic epikeratoplas- 
ty procedures, 32 were anatomically 
successful. One eye in one patient 
demonstrated a nonhealing surface 
defect in the lenticule that required 
removal of the lenticule 42 days post- 
operatively. This patient subsequently 
underwent a penetrating keratoplasty 
and achieved 20/20 contact lens-cor- 
rected visual acuity. Of the remaining 
32 eyes, 20 eyes (the non-contact lens 
group) achieved their final vision with 
spectacles (17 eyes) or uncorrected 
(three eyes). Twelve eyes (the contact 
lens group) achieved their final vision 
with contact lenses. The reasons for 
final correction with contact lenses in 
this group were anisometropia (11 
eyes) and irregular astigmatism (one 
eye). Table 1 lists the mean age and 
follow-up data for the entire series 
and the two individual groups. There 
was no significant difference in the 
age distribution for the two groups. 

Table 2 shows the mean visual and 


35.5 + 10.5 34.8 + 7.2 


26.7 = 9./ 25.8 + 9.5 


refractive results for the entire series 
and the two individual groups. There 
was a significant improvement in the 
mean preoperative to final postopera- 
tive uncorrected visual acuity from 
20/360 + 97 to 20/107 + 94 (P < .001) 
for the entire series. The mean preop- 
erative spectacle-corrected visual acu- 
ity also significantly improved from 
20/143 + 128 to 20/36 + 17(P < .001). 
There were insufficient data regard- 
ing the postoperative contact lens- 
corrected visual acuity in the non- 
contact lens group to comment on this 
factor; however, there was no signifi- 
cant difference between the preopera- 
tive and postoperative contact lens- 
corrected visual acuity for the contact 
lens group. 

Figures 2 through 4 show the indi- 
vidual preoperative visual data plot- 
ted against the final postoperative 
data for the contact lens and the 
non-contact lens groups. As noted in 
Fig 2, all patients, except one (the 
non-contact lens group), showed an 
improvement in the uncorrected 
visual acuity with 25% (8/32) of eyes 
20/40 or better and 75% (24/32) of 
eyes 20/100 or better. A similar pat- 
tern of improvement in the uncor- 
rected visual acuity occurred for both 
groups. Figure 3 shows that all 
patients, except one (the contact lens 
group), showed an improvement in 
their spectacle-corrected visual acuity 
with 34% (11/32) of eyes 20/25 or 
better and 94% (30/32) of eyes 20/60 
or better. Figure 4 shows that the 
contact lens visual acuity improved in 
63% (7/11) of eyes in the contact 
lens-fitted group. The conditions of 
three patients worsened: one by one 
line, one by two lines, and one by three 
lines of vision. There was no signifi- 
cant difference between the non-con- 
tact lens and contact lens groups com- 
paring visual data of preoperative and 
postoperative uncorrected and specta- 
cle-corrected visual acuity. 
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Entire Series 
—.—_ rr 
Preoperative Postoperative 


Uncorrected visual 
acuity 


Spectacle visual acuity 


Contact lens visual 
acuity 


Spherical equivalent, D 
Spectacle cylinder, D 
Average K, D 


20/360 + 97 20/107 
20/143 + 128 20/36 


20/30 + 14 
“6.2 + §:2 
SL = 2.7 
54.2 + 4.8 


=e 


46.8 


*Values are means + SD. D indicates diopters. 


Pt 


Preoperative Postoperative 


+ 94 
= a 


<.001 
<.001 


20/362 + 104 20/129 + 108 
20/123 + 120 20/34 + 12 


20/35 + 14 
6,8 §.2 
3.5 + 2.2 
53.7 + 4.6 


-Ar <.01 =—2.5 





3.6 <.001 47.2 + 3.7 


Non-Contact Lens Wearers 
oO  O_—"A]JpM 


Contact Lens Wearers 


Pt 


Preoperative Postoperative 


P+ 


<.001 
<.001 


20/358 + 90 20/70 + 47 
20/175 + 140 20/40 + 23 


<.001 
<.001 


<.001 53.9 


tPaired Student’s f test of preoperative vs postoperative measurements. NS denotes no significant difference found. 


Contact Lens Wearers 
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Non-Contact Lens Wearers 
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Postoperative Uncorrected Visual Acuity 


Fig 2.—Uncorrected preoperative vs final postoperative visual acuity. All patients above thick line 


show improved visual acuity after surgery. 
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Preoperative Spectacle Visual Acuity 


Fig 3.—Spectacle-corrected preoperative vs final postoperative visual acuity. All patients above 
thick line show improved visual acuity after surgery. 


The mean spherical equivalent sig- 
nificantly decreased from —6.2 + 5.3 
diopters (D) preoperatively to —2.6 + 
2.2 D for the entire series (P < .01) 
(Table 2). Nineteen percent (six eyes) 


of all eyes were within 1 D of emme- 
tropia and 73% (23 eyes) were within 
4 D. The mean average keratometry 
also significantly decreased from 
54.2 + 4.8 D preoperatively to 46.8 + 
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Contact Lens Wearers 





Preoperative Contact Lens Visual Acuity 


© 


p” 


Postoperative Contact Lens Visual Acuity 


Fig 4.—Contact lens-corrected preoperative 
vs final postoperative visual acuity for contact 
lens-wearing group. All patients above thick 
line show improved visual acuity after sur- 
gery. 


3.6 D postoperatively for the entire 
series (P < .001) (Fig 5 and Table 2). 
Comparing the spherical equivalent 
and keratometry values showed no 
significant difference between the 
non-contact lens and contact lens 
groups. Finally, the mean cylinder 
showed no significant change from 
the preoperative state for the entire 
series of either group (Fig 6 and Ta- 
ble 2). 

Table 3 shows the average keratom- 
etry, base curve, and power for the 
contact lens group preoperatively and 
postoperatively. The contact lens base 
curve significantly flattened from 
6.6 + 0.4 mm preoperatively to 7.1 + 
0.4 mm postoperatively (P < .05). 
There was no significant change, how- 
ever, in the contact lens power. Com- 
paring average keratometry with con- 
tact lens base curve, contact lenses 
were fit flatter than the average K 
reading preoperatively and steeper 
than the average K reading postoper- 
atively. The lenses utilized were com- 
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Contact Lens Wearers Non-Contact Lens Wearers 





Preoperative Average K, Diopters 





38 42 46 50 54 


Postoperative Average K, Diopters 
Fig 5.—Preoperative average keratometry (k) vs final postoperative average keratometry. 


Contact Lens Wearers Non-Contact Lens Wearers 


Improved Improved 


Worsened Worsened 


Preoperative Cylinder, Diopters 





0 2 4 6 8 10 


Postoperative Cylinder, Diopters 


Fig 6.—Preoperative cylinder vs final postoperative cylinder. 










Preoperative Postoperative 
— _—<_—_—_—______ I 














Average Base Base 
Keratometry, Curve, Power, Average Curve, Power, 
mm mm Diopters K, mm mm Diopters 
1 6.99 NA NA 7.22 6.20 — 12.75 
















2 7.26 NA NA For 1 7.35 —5.00 
3 5.58 6.20 — 16.50 7.47 7.08 —7.50 
4 6.87 6.70 —§.25 7.95 7.70f +3.75T 
5 5.72 NA NA 7.73 7.45 —5.00 
6 6.55 NA NA 7.82 7.30 —3.50 
7 5.72 6.03 —8.50 6.95 6.40 —5.25 
8 6.22 6.50 —6.25 6.89 7.20 —4.50 
9 5.74 6.60 —8.00 7.30 7.55 —6.25 
10 7.29 7.25 —4.25 7.50 7.15 —8.75 
11 5.76 6.35 —8.50 6.13 7.25 —3.25 
12 6.11 7.09 —6.25 7.42 7.00 —5.50 













Mean + SD 6.16 + 0.61 6.59 + 0.42 —7.94 + 3.78 7.26 + 0.53 7.09 + 0.42 —6.11 + 2.72 


* NA indicates not available; last contact lens worn more than two years before preoperative visit. 
tThis information is for a soft lens. It was not figured into the mean or SD. 
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mercially available gas permeable 
materials in 11 of the 12 fits (Fig 7, 
top). Only one patient required a 
hydrogel lens and this patient had the 
only hyperopic postoperative correc- 
tion. 


COMMENT 


Keratoconic epikeratoplasty has 
been recommended for those patients 
who are contact lens intolerant and 
can obtain at least 20/40 or better 
visual acuity with a contact lens. The 
surgical placement of lyophilized cor- 
neal tissue as an onlay graft can be 
analogous to a contact lens that would 
effectively flatten the corneal refrac- 
tive surface without definitively 
replacing it as a penetrating kerato- 
plasty. The obvious advantages of 
avoiding intraocular surgery are well 
noted, including lack of intraocular 
infection, immune rejection of donor 
tissue, and cataract formation.” The 
one major complication noted in our 
series was a persistent nonhealing 
epithelial defect of the lenticule that 
was removed at 42 days. Because the 
tissue is devitalized during lyophiliza- 
tion, the risks of using devitalized 
tissue as an onlay graft are known." 
Although this complication is devas- 
tating to the patient initially, it can be 
safely managed by prompt recogni- 
tion of its occurrence and removal of 
the lenticule. 








Fig 7.—Top, Gas permeable contact lens fit 
six months after keratoconic epikeratoplasty. 
Bottom, Fluorescein pattern in same patient. 
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Our data demonstrate that in a 
large group of patients with kerato- 
conic epikeratoplasty, the postopera- 
tive alterations in keratometry and 
refractive results do not dictate which 
patients will resume contact lens 
wear. Although the majority of our 
patients, 62.5% (20 patients), required 
no correction or spectacles to achieve 
their final visual improvement, the 
remaining 37.5% (12 patients) elected 
to return to contact lenses to achieve 
their final best correction. The long- 
term success rate in these patients 
who returned to contact lenses and 
were previously unsuccessful needs to 
be monitored carefully to see if lens 
wear will be discontinued in the 
future. 

The reasons that 11 patients were 
successful in resuming contact lens 
wear after they had been considered 
contact lens intolerant preoperatively 
are unclear now. The altered corneal 
curvature provides a more suitable 
surface for the fitting of the contact 
lens. Koenig et al'? have demonstrated 
altered corneal sensation postopera- 
tively in the patient who has under- 
gone epikeratoplasty. Corneal hypoes- 
thesia may provide some improve- 
ment in contact lens tolerance. 

The fitting philosophy of these 
patients is interesting in that the 
majority of the patients were fit 
steeper than their average keratomet- 
ric reading. This is significantly dif- 
ferent from the preoperative fitting 
that was on or flatter than the aver- 
age keratometric reading (Table 3). 
The use of fluorescein, as seen in Fig 
7, bottom, shows that slight apical 
clearance is an optimum fitting char- 
acteristic in these patients. No specif- 
ic attempt in the fitting was made to 
have the lenses positioned under the 
upper eyelid as recommended in cos- 
metic fitting with gas permeable 
lenses. It was desirable to have the 
lens center well on the epikeratoplas- 
ty lenticule to achieve stable visual 
acuity. 

As previously noted, epikeratoplas- 
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ty flattens the ectatic cornea but does 
not replace it as the definitive treat- 
ment of penetrating keratoplasty. An 
important advantage in epikerato- 
plasty, however, is that this surgical 
option does not preclude penetrating 
keratoplasty if the postoperative cor- 
rection is not satisfactory to the 
patient. In the group of 19 patients 
not requiring a contact lens who were 
considered successful postoperatively, 
two patients have subsequently 
elected to undergo penetrating kera- 
toplasty. These two patients were not 
completely satisfied with their visual 
result and were not willing to resume 
contact lens wear. One patient in the 
contact lens group has elected to 
undergo penetrating keratoplasty af- 
ter one year of wearing a contact lens. 
This patient was the only patient 
fitted for a contact lens who had 
residual irregular astigmatism and 
could not achieve a stable spectacle 
refraction. 

Our study, although demonstrating 
that keratoconic patients can success- 
fully resume contact lens wear after 
epikeratoplasty, does not address the 
issue of qualitative improvement. 
Steinert and Wagoner" have reported 
their long-term results comparing 
keratoconic epikeratoplasty with pen- 
etrating keratoplasty, but they note 
the inability to adequately define 
qualitative results comparing these 
two groups of patients. 

Future studies utilizing contrast 
sensitivity may define the differences 
between epikeratoplasty and pene- 
trating keratoplasty as well as the use 
of contact lenses after epikeratoplasty 
and penetrating keratoplasty. All 
patients considered for epikeratoplas- 
ty are contact lens intolerant and can 
be viewed as proper surgical candi- 
dates for penetrating keratoplasty. 
Because epikeratoplasty only alters 
the ectatic cornea without replacing 
it, one can assume that the final 
visual results will not be similar and 
the advantage of the epikeratoplasty 
is safety compared with penetrating 
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keratoplasty. It may prove that earli- 
er recognition of the keratometric 
changes in cone formation with earli- 
er utilization of this procedure may 
have more benefit to patients in 
avoiding penetrating keratoplasty in 
scarred corneas. The results of our 
study, as well as others, certainly 
encourage further refinements and 
application of this new technology. 


This investigation was supported in part by 
the Central Ohio Lions Eye Bank, Columbus. 
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Ultraviolet Light Exposure and Risk of 


Posterior Subcapsular Cataracts 


Tom W. Bochow, MD, MPH; Sheila K. West, PhD; Alex Azar, MD; 
Beatriz Munoz, MS; Alfred Sommer, MD, MHSc; Hugh R. Taylor, MD 


@ Posterior subcapsular (PSC) cata- 
racts are a visually disabling form of cata- 
ract and account for 40% of surgical 
cases. Although PSC opacities may occur 
following intraocular inflammation, trau- 
ma, or use of steroids, the cause is often 
unknown. A case-control study was 
undertaken to investigate the role of 
exposure to ultraviolet light in the B range 
(UV-B) and other potential risk factors for 
the development of PSC cataracts. Surgi- 
cal PSC cataract cases from a large rural 
ophthalmic practice on the lower eastern 
shore of Maryland were matched with 
phakic controls without PSC cataract 
changes from the same geographic area 
by age, sex, and referral pattern. All 
patients with PSC opacities who under- 
went cataract surgery in a 12-month peri- 


Although relatively infrequent 

among cataract types, posterior 
subcapsular (PSC) cataracts are par- 
ticularly disabling and often require 
surgery early in their course.'? Poste- 
rior subcapsular cataracts make up a 
disproportionate share of cataract 
surgical cases, an estimated 40% of 
surgical cataract cases in the United 
States.. Nevertheless, little is known 
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od were chosen. One hundred sixty-eight 
cases and 168 controls were interviewed 
regarding sunlight exposure, drug use, 
occupational history, history of diabetes, 
hypertension, and other diseases. 
Matched-pairs analyses indicated that a 
history of relatively high exposure to UV-B 
was associated with increased risk of 
PSC cataracts. The association of PSC 
cataracts with steroid use and diabetes 
was reconfirmed. Subjects with blue eyes 
and less than high school education were 
also at increased risk for PSC cataracts. 
Smoking and hypertension were not 
found to be PSC cataract risk factors. 
These data suggest that UV-B exposure 
may be an important risk factor for PSC 
cataracts. 
(Arch Ophthalmol 1989; 107:369-37 2) 


about their etiology or factors that 
might increase the risk of their devel- 
opment. 

Some risk factors for PSC cataracts 
have been reported. In 1960, Black and 
coworkers‘ reported the association 
between systemic steroid use and PSC 
cataracts, although controversy still 
continues over the role of individual 
characteristics and dose and duration 
of steroid therapy. Based on data from 
the 1971 to 1972 National Health and 
Nutrition Examination Survey, high 
blood pressure and diabetes were also 
found to be associated with the pres- 
ence of PSC opacities.' However, this 
study was limited to 18 cases in which 
only pure PSC changes were exhib- 
ited, and PSC cataracts often occur in 


association with other opacities. 
Previous epidemiologic studies have 
implicated exposure to ultraviolet 
light in the B range (UV-B) (ultravio- 
let radiation, 320 to 290 nm) as a risk 
factor for cataracts. The association 
between UV-B exposure and the pres- 
ence of cortical opacities was reported 
among watermen who work on the 
Chesapeake Bay. The UV-B exposure 
was found to be approximately 21% 
higher in those with cortical opacities 
compared with those without opaci- 
ties. No association was found be- 
tween UV-B exposure and the pres- 
ence of nuclear opacities. Although 
the number of PSC cataracts exam- 
ined in the study of the watermen was 
too small for definitive assessment, 
there was a suggestion that UV-B 
might be an important risk factor. To 
investigate the possible role of UV-B 
exposure and other factors on the risk 
of PSC cataracts, we undertook a pop- 
ulation-based, case-control study. 


CASES, MATERIALS, AND METHODS 


The study was conducted on the lower 
eastern shore of Maryland and Delaware, 
in the same general area where the previ- 
ous study of the Chesapeake watermen 
took place. The geographic boundaries of 
the study area included the Chesapeake 
Bay to the west, the Atlantic Ocean to the 
east, and the Choptank River to the north. 
The lower eastern shore is a relatively 
isolated and rural area. The study area is 
mainly served by one large group practice 
of surgical ophthalmologists and several 
optometric practices. Although exact esti- 
mates are difficult to obtain, we estimated 
that over 90% of cataract operations in the 
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Table 1.—Characteristics of Lower _ 
Eastern Shore Ophthalmic Practice: 1986 






No. of referrals for eye care 
Physician 403 
Optometrist 

No. of cataract extractions 607 

% with PSC 


Table 2.—Participation Rates for 
| Cases and Controls 


Cases, Controls, 
No. (%) No. (%) 


Total Selected 182 183 


















Refusals 2 (1) 6 (3) 
Deaths 5 (3) 1 (1) 
Not locatable 6 (3) 8 (4) 
No control 

match 1 (1) 7? 
Participants 168 (92) 168 (92) 





study area were performed by this prac- 
tice. 

Cases were defined as patients who 
underwent cataract extraction from Jan 1 
to Dec 31, 1986. They were chosen from the 
ophthalmic practice, which performed over 
600 extractions in 1986 (Table 1). 

All cases were documented to have had 
PSC opacities with or without mention of 
other types of opacities. In addition, the 
cases had to reside within the boundaries 
of our study area and be capable of partic- 
ipating with or without the assistance of 
family members. One hundred sixty-eight 
cases meeting these criteria were identi- 
fied (Table 2). 

The 168 cases were matched with 168 
controls by sex and age (within five years). 
Controls were chosen from appointment 
books to ensure they had been seen by an 
eye care specialist close to the operative 
date of their matched case. Approximately 
92% of the controls had an appointment 
within 15 days of the operative date of the 
case. Potential controls were excluded if 
there was a history of cataract extraction 
or any documentation of PSC opacities. 
The residence and participation require- 
ments were the same as for the cases. 

In an effort to ensure that the controls 
represented the same underlying popula- 
tion as the cases, controls were matched by 
the referral status of the cases. Self- 
referred cases or those referred by physi- 
cians were matched with controls from the 
ophthalmology practice. Cases referred by 
optometrists were matched with controls 
from the optometric practice. Approxi- 
mately 21% of the PSC cases were referred 
from optometrists. The participation expe- 
rience of the controls was similar to that of 
the cases, with 92% of eligible controls 
participating. 


DATA COLLECTION 


Study participants were inter- 
viewed by phone or by personal inter- 
view using a standardized question- 
naire similar to that developed for the 
previous study on UV-B exposure.‘ 





Table 3.—Demographic Characteristics 
of Cases and Controls 










Cases, 
No. (%) 


70 (42) 


Controls, 
No. (%) 
70 (42) 















25 (15) 22 (13) 














White 
Black 
Hispanic 





148 (88) 
18 (10) 
2 (1) 


150 (89) 
17 (10) 
1 (1) 











Table 4.—Characteristics of Cases 
and Controls 
Cases, Controls, 
No. (%) No. (%) 










Lens opacity 













PSC* only 65 (39) oe 
Nuclear 70 (42) 57 (34) 
Cortical 11 (7) 3 (2) 
Cortical and 

nuclear 15 (9) 11 (7) 
Other 7 (4) 3 (2) 
No opacities sb 94 (56) 

Other ocular diseases 

Glaucoma 16 (10) 39 (23) 
Diabetic 

retinopathy 4 (2) 7 (4) 
Age-related 

macular 






degeneration 4 (2) 16 (10) 





*PSC indicates posterior subcapsular. 


Variables investigated included eye 
color, hair color, and tanning charac- 
teristics. A history of arc welding was 
recorded as well as the highest level of 
education. A medical history was 
obtained and included the presence, 
duration, and treatment of diabetes, 
hypertension, and glaucoma. The 
presence of other lens opacities and 
other ocular diseases was obtained 
from medical records. A drug history 
was also recorded and included the 
use and duration of use of steroids, 
diuretics, cardiac medications, and 
cigarette smoking. 

Sunlight exposure history was 
obtained by taking a detailed occupa- 
tional and leisure time history for 
each year of life after the age of 15 
years. The UV-B exposure was calcu- 
lated using a model described else- 
where.’ Basically, this model calcu- 
lates annual ocular UV-B irradiance 
of a horizontal surface at sea level in 
Maryland over one year and is 
approximately equal to 100 J/cm? or 
2750 mean erythema! doses. The mod- 
el takes into account the number of 
hours outside, time of day of the expo- 
sure, season, latitude, the attenuation 
of exposure by the use of glasses and 
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Table 5.—Difference in UV-B Exposure 
for Cases and Controls* 






Average Average 
Cumulative Annual 
UV-B UV-B 
Exposure, Exposure, 







MSY MSY X 10 






Cases 
Controls 0.39 
Difference, % 23 
P value 







* UV-B indicates intraviolet light in the B range; 
MSY, Maryland sun years. 


hats, and other factors. This model, 
which is based on both theoretical and 
clinical data, has been validated by 
the use of both mannequin models and 
human volunteers.** 


DATA ANALYSIS 


The data were analyzed using a 
standard statistical package for 
matched data sets (SAS Institute, 
Cary, NC). Conditional likelihood 
logistic regression appropriate for 
matched case-control studies was also 
done, utilizing the PECAN program 
(Statistics and Epidemiology Re- 
search Corporation, Seattle). The odds 
ratios (ORs) were calculated by com- 
paring the odds of disease (PSC cata- 
racts) given the presence or absence of 
exposure to various factors. One-sided 
P values using McNemar’s method 
were calculated for exposure variables 
such as steroid use, presence of diabe- 
tes, history of welding, smoking, 
hypertension, and diuretic usage, 
where we hypothesized that only 
harmful effects would be observed. 
Two-sided P values were calculated 
for skin, hair and eye characteristics, 
and education. A serially additive 
expected dose model was utilized to 
calculate the average difference in 
annual UV-B exposure for cases and 
controls.’ Differences were tested for 
significance using paired ¢ tests. The 
UV-B exposure was not normally dis- 
tributed. To use a logistic regression 
model, a square root transform of the 
data on UV-B was used to normalize 
the distribution. Results from the 
analyses are presented as ORs for 
dichotomous variables and as the 
regression coefficient, B, for UV-B 
exposure. 


RESULTS 


There was a good matching of cases 
and controls (Table 3). Forty-two per- 
cent of the cases were male. The dis- 
tribution of ages was similar among 
the cases and controls. The majority 
of the cases and controls were 
between 60 and 80 years of age. 
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Table 6.—Distribution of Other Risk Factors Among Cases and Controls 


Cases, 
No. 


istory of diabetes 


Controls, 





Matched 


Odds Ratio P Value 


Table 7.—Conditional Logistic Regression Analyses of UV-B Exposure and 
Other PSC Risk Factors* 


Regression 
Coefficient 


1.45 


Variables 
UV-Bt 
Steroid use 
Blue eyes 
Less than high school 
Diabetes 





Odds 95% 
Ratio Cl 


0.41-2.49 
1.12-5.84 
1.06-3.19 
1.25-3.47 
0.92-3.93 


2.56 
1.84 
2.08 
1.91 


* UV-B indicates ultraviolet light in the B range; PSC, posterior subcapsular; and Cl, confidence interval. 


+Square root of UV-B (Maryland sun years). 
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Age, y/Difference in Cumulative Exposure—0.114 
(t= 3.2, P= .002) 


Average differences in annual exposure to ultraviolet light in the B range (UV-B) for posterior 
subcapsular cases and controls at each age of life. MSY indicates Maryland sun years. 


No attempt was made to match by 
race. Some of the variables for inves- 
tigation included pigmentary and tan- 
ning characteristics and to match on 
race would have partly matched on 
these characteristics. However, the 
racial distribution was virtually iden- 
tical between the cases and controls. 

Over one third of the cases had pure 
PSC cataracts and 42% of the cases 
had a combination of nuclear and PSC 
opacities (Table 4). About one third of 
the controls had nuclear opacities. A 
total of 56% of the controls did not 
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have any opacities mentioned in their 
records. Sixteen percent of the cases 
had cortical opacities vs 9% of the 
controls. 

Other ocular diseases present 
included glaucoma, diabetic retinopa- 
thy, and age-related macular degener- 
ation (Table 4). Since the controls 
were selected from a population seek- 
ing eye care, the prevalence of these 
other ocular disorders was, as ex- 
pected, more common among the con- 
trols. 

The UV-B exposure was significant- 


ly related to the presence of PSC 
cataracts (Table 5). Both the average 
cumulative UV-B exposure and the 
average annual UV-B exposure were 
higher in the cases than in the con- 
trols (P = .001). The mean difference 
in sun exposure between the cases and 
controls was about 23% to 24%. 

In addition, other factors were 
found to be related to PSC opacities 
(Table 6). The use of oral steroids 
(greater than one month) was related 
to the presence of PSC cataracts 
(OR = 2.2). A history of diabetes was 
also a risk factor (OR = 1.9), although 
the OR for diabetes may be lower than 
anticipated because diabetes is ex- 
pected to be common in a control 
series chosen from a population seek- 
ing eye care. That population can be 
presumed to have a high percentage of 
individuals with ophthalmic compli- 
cations of diabetes. Arc welding and a 
history of ocular flashburns had ORs 
of 2.1 and 2.3, respectively, but were 
not statistically significant. 

Subjects with a less than high 
school education had an increased risk 
for PSC cataracts (OR = 1.6). A total 
of 54% of the subjects smoked, and 
48% reported a history of high blood 
pressure. No association was found 
between smoking, hypertension, or 
the use of diuretics or cardiac medica- 
tions and the presence of PSC opaci- 
ties. 

To better examine the association of 
UV-B exposure and PSC opacities, we 
simultaneously adjusted for these 
cofactors using a logistic regression 
analysis appropriate for case-control 
studies (Table 7). The relationship 
between UV-B exposure and the pres- 
ence of PSC cataracts was still highly 
significant (P = .006). Steroid use, the 
presence of blue eyes, and a less than 
high school education were all signifi- 
cantly associated with PSC cataracts. 
The association with diabetes, al- 
though not significant, persisted. 

Further analyses to characterize 
UV-B exposure were undertaken 
using the serially additive dose mod- 
el.” To assess the importance of UV-B 
at various stages of life, the average 
difference in annual UV-B exposure 
between the cases and controls was 
calculated for each age of life after 15 
years (Figure). This annual difference 
was greater in the cases at virtually 
every age, thus suggesting that no 
stage of life is particularly critical for 
UV-B damage. In addition, the model 
was used to assess a possible dose- 
response relationship by examining 
the number of years the cases and 
controls spent at various UV-B yearly 
dose levels (Table 8). Cases spent 1.6 
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Table 8.—Number of Years That Cases and Controls Spent at Each Quartile of 
Average Annual UV-B Exposure* 


Quartile (MSY) 


(<. pais) 
2802 
3408 

0.82 
—606 


1674 
2209 
0.76 
—535 


Case years 
Control years 
Ratio 
Experience 


(.0036-.007 1) 


(>. aids) 
2951 
1832 
1.61 
1119 


ooo 





* UV-B indicates ultraviolet light in the B range; MSY, Maryland sun years. 


times as many years in the fourth 
quartile of sun exposure (>.0108 
Maryland sun years) compared with 
the controls. 

These results are strongly sugges- 
tive of a role of UV-B exposure in PSC 
cataracts. To ensure that the relation- 
ship of UV-B and PSC cataracts was 
not simply due to the difference in 
distribution of cortical opacities 
between cases and controls, the logis- 
tic regression was repeated, including 
a variable for the presence of cortical 
opacities (16% in cases vs 9% in con- 
trols). The association between UV-B 
and PSC opacities was still highly 
significant (P = .004). No association 
between UV-B and nuclear cataracts 
has been found in previous epidemio- 
logic studies that separated cataract 
by type,’° and the distribution of 
nuclear opacities in cases and controls 
was similar. Thus, the association 
between UV-B and PSC cataracts is 
unlikely to be due to the presence of 
cortical and nuclear opacities among 
the cases. 


COMMENT 


This study found a significant asso- 
ciation between UV-B exposure and 
increased risk of PSC cataracts even 
after controlling for other possibly 
confounding factors. As with many 
case-control studies, it is difficult to 
assess the importance of potential 
recall bias. However, this is unlikely 
since we did not ask about exposure 
directly. Rather, we used a detailed 
occupational history questionnaire 
that asked neutral questions from 
which the exposure index was con- 
structed. The finding of more cortical 
opacities in the cases compared with 
controls is consistent with previous 
work suggesting that cortical opaci- 
ties are associated with UV-B expo- 
sure.'*'° Even after adjusting for the 
presence of cortical opacities, the rela- 
tionship of UV-B exposure and PSC 
cataracts persisted. 

Several other risk factors were 
found to be related to PSC opacities in 
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this study. Subjects with less than a 
high school education were at in- 
creased risk for PSC opacities. The 
association between a low educational 
level and the presence of cataracts 
(type not specified) has been reported 
in previous studies.*"''!* The reason for 
this finding is not clear. The educa- 
tional level may have been somewhat 
higher in this series of controls 
because we selected subjects who were 
likely to follow regular examination 
schedules or treatments for chronic 
eye diseases. It has been presumed by 
some that the educational effect may 
be a result of increased sunlight expo- 
sure associated with manual labor or 
other outdoor occupations that do not 
require a high educational level. The 
present analysis showed that the 
effect of education was independent of 
UV-B exposure. 

The association of blue eyes with 
PSC cataracts was suggested by the 
previous study of the Chesapeake 
watermen and has been confirmed 
herein.’ There was no evidence of an 
interaction between the presence of 
blue eyes and UV-B exposure. Howev- 
er, this model does not preclude other 
suggestions for these findings, such as 
subjects with blue eyes are more sus- 
ceptible to PSC cataracts at lower 
doses of UV-B or that blue-eyed sub- 
jects have a faster rate of progression 
of PSC cataracts at a given dose of 
UV-B exposure. 

Typical annual UV-B exposures as 
expressed in Maryland sun years are 
presented in Table 9. The use of a 
brimmed hat can reduce ocular expo- 
sure about 50% and wearing ordinary 
plastic glasses will reduce the expo- 
sure to approximately 5%.’ The mean 
difference in ocular UV-B exposure 
between the cases and controls was 
about 23% to 24%. Thus, if indeed 
UV-B is related to the pathogenesis of 
PSC cataracts, as this study strongly 
suggests, the wearing of hats and sun- 
glasses could greatly reduce ocular 
exposure and possibly alter the devel- 
opment or progression of this dis- 
ease. 
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Table 9.—Typical Yearly Dose of UV-B 
by Characteristics of Exposure* 


Yearly UV-B 


Main Job Exposure, MSY 


Inside, low exposure 

Outdoor worker, 
wearing glasses 
and hat 

Outdoor worker, no 
glasses or hat 


* UV-B indicates ultraviolet light in the B range; 
MSY, Maryland sun years. 
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A 


Photic Retinopathy From the 


‘ Operating Room Microscope 


Study With Filters 


Dennis M. Robertson, MD, Jay W. McLaren, PhD 


èe A patient’s blind phakic eye with 
clear media, the subject of previous light 
exposure studies, was exposed for 60 
minutes to light from a standard operating 
room microscope (Zeiss OpMi-6) filtered 
through an infrared filter. A typical acute 
photic retinopathy lesion was produced. 
Two and a half months later, the eye was 
exposed for 60 minutes to light filtered 
simultaneously through an ultraviolet fil- 
ter and an infrared filter. Despite blocking 
both the ultraviolet and infrared light, and 
despite reducing the overall light energy 
by approximately one fourth because of 
the combination of filters, a typical acute 
photic retinopathy lesion was produced 
by the transmitted light, the energy of 
which was essentially all within the visible 
spectrum. 

(Arch Ophthalmol 1989; 107:373-375) 


n 1983, McDonald and Irvine’ 

reported six cases of what was pre- 
sumed to be photic injury to the retina 
induced by light from the operating 
room microscope during cataract 
extraction. Subsequently, numerous 
cases of presumed light-induced 
maculopathy were reported after cat- 
aract extraction.** Although the evi- 
dence was impressive that light from 
the operating microscope produced 
the changes observed subsequent to 
cataract extraction, conclusive proof 
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of a cause-effect relationship was 
lacking. 

In 1986, we were able to demon- 
strate conclusively that photic reti- 
nopathy could be produced in the 
phakic human eye by exposing the 
retina. to unfiltered light delivered 
from the operating room microscope 
over an interval of 60 minutes.‘ It was 
further demonstrated that eliminat- 
ing the ultraviolet UV light by inter- 
posing a UV-400 filter between the 
microscope and the eye did not pre- 
vent the development of photic reti- 
nopathy. This report provides infor- 
mation regarding two additional stud- 
ies in which the human retina was 
exposed to light filtered through an 
infrared filter in one instance and 
through both an infrared and a UV 
filter in a second instance. 


PATIENT AND METHODS 


A 48-year-old woman was unilaterally 
blind in her right eye as a result of cranio- 
pharyngioma. This patient had been the 
subject of previous studies of photic lesions 
with the operating room microscope.’ Her 
pupil was dilated with 1% cyclopentolate 
hydrochloride and 10% phenylephrine 
hydrochloride. Two separate photic reti- 
nopathy scars from two previous exposures 
were visible in the fundus; one had been 
produced with unfiltered light (located 
superior to the macula) and one had been 
produced by light filtered through a UV 
long-pass filter that blocked wavelengths 
shorter than 400 nm (located temporal to 
the optic nerve; Fig 1). 

The patient was positioned on an operat- 
ing room table, and light of maximum 
intensity from the microscope (Zeiss 
OpMi-6) was directed into the right eye for 


one hour while the eyelid was held open 
with a wire speculum. The light source was 
a 150-W, 21-V, tungsten-halogen bulb con- 
nected to the microscope through an exter- 
nal fiberoptic bundle. An infrared filter 
(Andover “hot mirror” 775 FW 82-50) was 
placed in front of the microscope objective. 
The microscope was focused at the pupil- 
lary plane and positioned so that the fila- 
ment from the light was oriented obliquely 
and directed toward an area inferotempo- 
ral to the macula. Balanced salt solution 
was used to bathe the cornea at 10- to 30-s 
intervals while the eye was observed to 
remain nearly motionless for the duration 
of exposure. The left eye was patched dur- 
ing the exposure. The fundus was inspected 
immediately after exposure and again 
three days later, at which time color fun- 
dus photographs and a fluorescein angio- 
gram were obtained. 

Two and a half months later, the patient 
was exposed for another hour to light from 
the operating room microscope. In this 
second exposure, the light was filtered 
through a UV long-pass filter (Schott type 
GG-435) in addition to the infrared filter 
used in the first part of the experiment. 
The operating room microscope was ori- 
ented obliquely in an attempt to direct the 
light into the posterior pole at a site dis- 
tant from the previous photic retinopathy 
lesions. The fundus was examined immedi- 
ately after light exposure and again three 
days later, at which time color fundus 
photographs and a fluorescein angiogram 
were obtained. 


MEASUREMENT OF EXPOSURE 


The radiance of the illumination field of 
the operating microscope was measured 
with a radiometer (International Light 
model IL 700, SEE-100 light detector) by 
methods described previously.** The radi- 
ances of the brightest part of the illumina- 
tion field with the infrared blocking filter 
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Fig 1.—Fundus of blind right eye of 43-year-old woman demonstrating photic retinopathy 
produced from two light exposures 2’ years ago. Lesion superior to macula was created with 
unfiltered light from operating room microscope. Lesion temporal to disc was created with light 
filtered through ultraviolet-400 filter. 


Exposure Parameters * 


Radiance Irradiance Integrated Retinal 
Filter in Air, on Retina, Irradiance, 
Used W/cm? . sr W/cm? J/cm? 


IR only 2.68 0.46 
IR + UV 2.08 0.36 
UV onlyt 2.12 0.37 
Unfilteredt 2.30 0.40 





* sr indicates steradian; IR, infrared; and UV, ultraviolet. 
tUV only and unfiltered values are from Robertson and Feldman.® 
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Fig 2.—Transmission spectra of “hot mirror” and ultraviolet (UV) filter. Hot mirror blocks more 
than 90% of infrared light above 750 nm and approximately 15% of light energy within visible 
spectrum (solid line); UV filter blocks greater than 95% of light at wavelengths shorter than 420 
nm (broken line). 
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in place and with the infrared and UV 
filters are given in the Table. Radiances 
reported in the previous experiments on 
the same subject with the UV filter and 
unfiltered light are also given. The irradi- 
ances on the retina were calculated from 
these figures by the method described by 
Calkins and Hochheimer’ using a pupillary 
diameter of 8 mm. The integrated retinal 
irradiance was determined by multiplying 
each exposure time by the retinal irradi- 
ance. 

The infrared blocking filter was a “hot 
mirror,” which reflected light in the infra- 
red. Its transmittance was less than 5% at 
wavelengths greater than 750 nm and 
approximately 85% at wavelengths be- 
tween 400 and 750 nm (Fig 2). The UV 
long-pass filter had a transmittance less 
than 5% at wavelengths shorter than 420 
nm and a transmittance greater than 90% 
at wavelengths longer than 460 nm (Fig 2). 


RESULTS 


An acute photic lesion could not be 
recognized on the fundus at the termi- 
nation of either exposure. However, 72 
hours after exposure to light filtered 
through the infrared filter, an acute 
lesion was observed inferotemporal to 
the macula that had a homogeneous 
gray oval area of discoloration at the 
level of the pigment epithelium. The 
fluorescein angiogram demonstrated 
slowly progressive homogeneous 
staining at the level of the pigment 
epithelium throughout a 1X 3-mm 
area corresponding to the area of the 
gray discoloration (Fig 3). 

The second exposure, in which light 
was simultaneously filtered with both 
the UV and the infrared filters, pro- 
duced an acute photic retinopathy rec- 
ognizable 72 hours after exposure. It 
was located just nasal to the retinal 
lesion that had been produced with 
unfiltered light 2⁄2 years earlier. The 
acute photic retinopathy overlapped 
the older lesion and could be best 
appreciated with fluorescein angiog- 
raphy, which demonstrated a typical 
homogeneous pattern of deep staining 
at the level of the physiologically dis- 
turbed pigment epithelium (Fig 4). 


COMMENT 


Animal studies indicate the retina 
is more vulnerable to damage by light 
with wavelengths in the UV and blue 
portions of the visible spectrum.” In a 
previous study, we demonstrated that 
photic retinopathy could be produced 
in the phakic human eye even when 
UV light energy was excluded.’ This is 
probably not surprising since elimi- 
nating UV light would only make a 
small change in the overall energy 
reaching the retina, because in nor- 
mal eyes most of the UV light is 
filtered by the cornea and lens, leav- 
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Fig 3.—Three days after exposure to light filtered through infrared 
filter, there was lesion measuring approximately 3 X 1 mm oriented 
obliquely inferotemporal to macula that, during recirculation phase of 
fluorescein angiography, demonstrated diffuse staining at level of 
pigment epithelium. 


ing only about 6% at 400 nm to be 
transmitted to the retina.’ Contrari- 
wise, several regions of the visible and 
infrared spectrum strike the retina 
virtually unattenuated. Since infrared 
light represents up to 80% or 90% of 
the total irradiation produced by 
many instruments used in ophthal- 
mology, and since approximately 50% 
of ambient light is composed of infra- 
red light (compared with 5% UV), 
concerns have been expressed wheth- 
er infrared light may be an important 
factor in the production of photic ret- 
inopathy if for no other reason than to 
enhance phototoxicity from shorter 
wavelengths.” 

In this experiment, light from an 
operating room microscope filtered 
--through an infrared filter produced a 
typical acute photic retinopathy. This 
occurred despite blockage of most of 
the energy above 750 nm and approxi- 
mately 15% of the energy in the visi- 
ble spectrum. The combination of a 
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3. Ross WH: Light-induced maculopathy. Am 
J Ophthalmol 1984;98:488-493. 

4. Khwarg SG, Geoghegan M, Hanscom TA: 
Light-induced maculopathy from the operating 
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UV filter and the infrared filter also 
produced photic retinopathy after a 
one-hour exposure despite attenua- 
tion of the overall light energy by 
approximately one fourth because of 
the combination of filters. The appar- 
ent smaller size of the acute lesion 
compared with others similarly pro- 
duced probably reflects an overlap in 
the light exposure with an older pho- 
tic retinopathy lesion as well as the 
fact that the overall energy was 
reduced by approximately one fourth. 
Clearly, this experiment demon- 
strated that the visible portion of the 
spectrum can cause photic retinopa- 
thy. Although in this experimental 
eye the retina was thinned because of 
loss of the nerve fiber layer and sup- 
porting tissue as a consequence of 
optic nerve atrophy, we believe it is 
unlikely that this significantly altered 
the sensitivity of the retina and pig- 
ment epithelium to light. The histo- 
pathologic effect of photic retinopa- 


References 


nopathy from the operating room microscope. 
Am J Ophthalmol 1986;101:561-569. 

6. Calkins JL, Hochheimer BP: Retinal light 
exposure from ophthalmoscopes, slit lamps, and 
overhead surgical lamps: An analysis of potential 
hazards. Invest Ophthalmol Vis Sci 1980;19:1009- 
1015. 

7. Ham WT Jr, Mueller HA, Ruffolo JJ Jr, et 
al: Action spectrum for retinal injury from near- 
ultraviolet radiation in the aphakic monkey. Am 
J Ophthalmol 1982;93:299-306. 

8. Lawill T: Three major pathologic processes 
caused by light in the primate retina: A search 
for mechanisms. Trans Am Ophthalmol Soc 





Fig 4.—Fundus photograph taken 2% months after photograph in Fig 3 
and three days after exposure to light simultaneously filtered through 
both ultraviolet and infrared filters. Acute photic lesion is seen nasal to 
horizontal pigmentation superior to macula, where there had been 
some overlap of recent area of maximum light exposure and older 
lesion. 


thy occurs mainly at the level of the 
retinal pigment epithelium and photo- 
receptor layers,'! tissues that to the 
best of our knowledge remain unaf- 
fected by optic nerve atrophy. 

We can conclude from this study 
that the risk of photic retinopathy at 
surgery cannot be eliminated by the 
use of UV and/or infrared filters. At 
surgery, the risk of photic retinopathy 
can be reduced by using noncoaxial 
light when possible, by reducing the 
intensity of the light used, and by 
using opaque filters to prevent expo- 
sure of the vulnerable retina to light 
when possible. Since the reported 
cases of photic retinopathy have gen- 
erally occurred when the operating 
time and light exposure were greater 
than one hour, minimizing operating 
time should be a goal. 


This study was supported in part by Research 
to Prevent Blindness Inc, New York, and by the 
Mayo Foundation, Rochester, Minn. 


1982;80:517-579. 

9. Boettner EA, Wolter JR: Transmission of 
the ocular media. Invest Ophthalmol Vis Sei 
1962;1:776-783. 

10. Michels M, Dawson WW, Feldman RB, et 
al: Infrared: An unseen and unnecessary hazard 
in ophthalmic devices. Ophthalmology 1987; 
94:1438-148. 

11. Tso MOM, Robertson DM: Photic retinopa- 
thy from the operating room microscope: A clin- 
icopathologic correlated study. Read before the 
Tenth Annual Scientific Meeting of the Macula 
Society, Cannes, France, June 27, 1987. 


Photic Retinopathy—Robertson & McLaren 375 


zl 


Acute Comitant Esotropia in Children 


With Brain Tumors 


A. Sydney Williams, MD, Creig S. Hoyt, MD 


è if acute onset of esotropia is comi- 
tant, its cause is generally believed to be 
benign. Although this is, by and large, 
true, it is now clear that acute comitant 
esotropia may be associated infrequently 
with central nervous system illness. We 
describe six children who presented with 
acute onset of comitant esotropia, and 
who were found to have tumors of the 
brain stem or cerebellum. Four of the 
patients underwent strabismus surgery 
after appropriate neurologic and neuro- 
surgical treatment was completed. In 
none of these patients was ocular motor 
fusion reestablished. 

(Arch Ophthalmol 1989;107:376-378) 


apne onset of acquired comitant stra- 

bismus in most cases occurs during 
early infancy or childhood.’ In 
patients with acute onset of strabis- 
mus, regardless of the patient’s age or 
how obvious the cause might appear 
to be, an especially careful analysis is 
always essential to rule out a paretic 
deviation. In general, acute esotropia 
that is comitant without divergence 
insufficiency has been considered to 
have a benign cause, with no risk that 
it is associated with intracranial dis- 
ease.” 

In this article we describe six chil- 
dren who initially presented with 
acute comitant esotropia, and who 
subsequently were found to have a 
tumor of the brain stem or cerebel- 
lum. 


Accepted for publication Oct 31, 1988. 
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PATIENTS AND METHODS 


From 1978 to 1987, one of us (C.S.H.) 
examined six children referred to the Uni- 
versity of California at San Francisco for 
evaluation of acute onset of comitant eso- 
tropia, and who subsequently were found 
to have brain tumors. In all cases, the 
esotropia was the initial sign of ‘the associ- 
ated intracranial disease. At no time dur- 
ing the course of evaluation and treatment 
did any of these patients progress to dem- 
onstrate incomitant esotropia that has a 
deficiency of abduction. Because of the 
widely held belief that acute comitant eso- 
tropia is always benign in origin, none of 
these patients initially underwent neuro- 
logic or neuroradiologic evaluation. The 
development of additional symptoms or 
signs prompted appropriate neurologic 
investigations. The delay in establishing 
the underlying neurologic diagnosis in 
these patients ranged from three to 71 
weeks from the time of initial ophthalmo- 
logic consultation. 

The Table summarizes the clinical find- 
ings in this group of children. There were 
four boys and two girls ranging in age from 
3.1 to 10.4 years at the time of the onset of 
esotropia. In all cases, there was a clear 
history of acute onset of esotropia. All of 
the patients except patient 5 complained of 
diplopia. Patient 5 might have been too 
young (3.1 years) to understand what di- 
plopia is. 

The angle of esotropia in these children 
ranged from 15 to 35 prism diopters (A). 
None of them exhibited a larger angle of 
deviation at a distant, as compared with a 
near, fixation. None of the patients exhib- 
ited a change in the size of deviation on 
right and left gaze. Moreover, none of the 
patients had a change in the size of the 
deviation when they were measured with 
fixation of the right vs the left eye. Four of 
the patients were hyperopic, and they were 
given their complete cycloplegic prescrip- 
tion. In the case of patient 5, the glasses 
reduced the angle of esotropia from 25 to 
15 A, and this apparent improvement con- 
tributed to the significant delay (71 weeks) 
in performing a neurologic evaluation. 
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Patients 1, 3, and 4 showed no change in 
their esotropic deviation with their hyper- 
opic corrections. None of these patients 
reestablished ocular motor fusion when 
their vision was corrected. 

None of these patients had papilledema, 
although two (patients 3 and 5) were found 
to have mild hydrocephalus on neuroradio- 
graphic studies. Three of the patients were 
found to have nystagmus (upbeating or 
torsional). This finding resulted in referral 
of the patients for neurologic evaluation. 
Patient 4 was referred for neurologic con- 
sultation after she developed a mild bilat- 
eral facial paresis. In the case of patients 3 
and 5, neurologic evaluation was sought 
because the parents insisted that their 
child had poor motor coordination. 

Four of the patients were found to have 
cerebellar astrocytomas; one patient had a 
cerebellar medulloblastoma; and one 
patient had a biopsy-proved pontine glio- 
ma. In none of these patients did surgical 
resection, chemotherapy, or radiotherapy 
have any effect on the comitant esotropia. 
Four of the patients underwent strabismus 
surgery after appropriate neurologic and 
neurosurgical treatment was completed. In 
none of these patients was ocular motor 
fusion reestablished. Patients 3 and 4 die 
without having undergone strabismus sur- 
gery. 


COMMENT 


By far the most commonly encoun- 
tered form of acute strabismus in 
clinical practice is one that has tem- 
porary occlusion of one eye in patients 
having no history of disturbed binocu- 
lar vision.’ In none of our six patients 
was there a history that suggested 
this was the mechanism of their acute 
comitant esotropia. 

In 1945, Burian? reported on four 
patients ranging in age from 11 to 72 


years who had acute comitant esotro- _ 


pia and diplopia. Although Burian’s 
patients were examined in an era 
prior to available modern imaging 
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Patient 
No./Sex/ Delay in Angle of 

Age at Diagnosis Esotropia: 

Onset of of Brain Far/Near, 
Esotropia, Tumor, Prism 

y wk Diopters Refraction 
1/M/4.3 25/25 OD +1.75 
OS +1.25 


2/M/6.1 OD —25 +0.75 
X090 
OS plano +0.50 
X090 


3/M/ 10.4 30/35 OD +75 +0.50 
X090 
OS +50 +25 
X090 


4/F/5.4 15/20 OD +1.75 +0.25 
x080 

OS +1.50 +0.50 
X110 


5/M/3.1 25/25 OD +2.25 
OS +2.20 


6/F/7.3 35/35 OD —1.75 +0.50 
X090 

OS —1.50 +0.2T 
x090 


studies, there is no reason to believe mus and restoration of normal shunt 
that the patients would have ulti- function. Only two of our patients had 
mately demonstrated brain-stem tu- hydrocephalus, and neither had spon- 
mors. All had minimal hyperopic taneous resolution of strabismus fol- 
refractive errors and had angles of lowing reestablishment of normal 
strabismus ranging from 20to60A.In intracranial pressure. Neither of our 
all cases, functional results following two patients with hydrocephalus 
surgery were excellent. Several addi- exhibited papilledema at the time of 
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Neuro-oph- 
thalmologic 
Signs 

Upbeating 
nystagmus 

Torsional 
nystagmus 


Torsional 
nystagmus 


tional similar cases have been re- diagnosis. 


ported.** We initially considered acute Acute comitant esotropia has been 
comitant esotropia to be the correct described in patients with Arnold- 
diagnosis in all six children described Chiari malformation even prior to the 
in this article, although the partial onset of typical downbeating nystag- 
response of patient 5 to hyperopic mus.*’ In these cases, the esotropia 
glasses did prompt us to consider the has not been attributed to coexisting 
possibility that he had accommoda- hydrocephalus. All of our patients 
tive esotropia. underwent neuroradiographic studies. 

Although comitancy is often Four had magnetic resonance imaging 
thought to be nearly a guarantee that (MRI) studies, one had a computed 
a patient’s strabismus is not associ- tomographic (CT) scan, and one, 
ated with neurologic disease, there is patient 3, had both CT and MRI 
extensive literature to refute this studies. None showed any evidence of 
~ point. the Arnold-Chiari malformation. It 
In 1968, Harcourt’ documented that should be noted that MRI studies are 
in detecting the 
tropia could be associated with hydro- Arnold-Chiari malformation than are 


comitant, as well as incomitant, eso- more 


sensitive 


cephalus. Hoyt and Daroff’ detailed CT scans. 


the case of a 3-month-old infant, with That acute comitant esotropia may 
intermittent hydrocephalus from a be the presenting sign of a brain 
midline tumor involving the septum tumor has been previously noted.'*' 
pellucidum and thalamus, who devel- Micketavage,'° in a very brief report, 
oped tonic downward deviation of the described a child with an acute onset 
eyes and acute comitant esotropia of comitant esotropia who died within 
each time the intraventricular pres- afew weeks of the initial ophthalmo- 
sure became elevated. Recently, logic examination. Details of the 
Christa Vollrath-Junger, MD, has col- responsible brain tumor were not 
lected a large series of hydrocephalie recorded. Anderson and Lubow" 
children and adults in whom acute described a 6-year-old boy with an 
comitant esotropia was a sign of acute onset of comitant esotropia, 
shunt failure (written communica- which was associated with full duc- 
tion, May 1988), all of whom showed tions and versions, who was found to 
complete resolution of their strabis- have papilledema. Neuroradiographic 
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Diagnosis 


Cerebellar astrocy- 
toma 


Cerebellar astrocy- 
toma 


Cerebellar medullo- 
blastoma 


Pontine glioma 


Cerebellar astrocy- 
toma 

Cerebellar astrocy- 
toma 





studies documented hydrocephalus 
caused by a cystic lesion of the corpus 
callosum. Biopsy of the lesion 
revealed a poorly differentiated glio- 
ma. The patient’s esotropia complete- 
ly resolved prior to any surgery or 
radiotherapy. In this regard, a direct 
correlation of the comitant esotropia 
to the hydrocephalus cannot be made 
in this patient, as it was in those cases 
reported by Hoyt and Daroff’ and 
Vollrath-Junger. Zweifach’ reported 
the case of a 9-year-old boy who devel- 
oped intermittent horizontal diplopia, 
which was followed by the appearance 
of comitant esotropia. Although the 
patient had no neurologic symptoms 
or signs when first examined, 28 
months later, when he developed signs 
of posterior fossae dysfunction, he 
was found to have a cerebellar medul- 
loblastoma. The long interval between 
the osnet of esotropia and the develop- 
ment of other neurologic signs that 
prompted appropriate neuroradio- 
graphic investigations is strikingly 
similar to our patient 5. Flynn” 
described an 11-year-old girl who pre- 
sented with acute onset of comitant 
esotropia, who six weeks later devel- 
oped facial paresis, at which time the 
diagnosis of pontine glioma was 
established. This case is quite similar 
to our patient 4. 

It seems that acute comitant esotro- 
pia occasionally may be associated 
with central nervous system tumors. 
Hydrocephalus may play a role in 
some cases, but it is not invariably 
present. This assocition is not fre- 
quent, and we do not recommend neu- 
rologic investigation of every patient 
with acute comitant esotropia. Which 
patients with acute onset of comitant 
esotropia should undergo neurologic 
investigation? In three of our 
patients, the presence of nystagmus 
was the primary reason that neuro- 
logic evaluation was undertaken. 
Unlike the case of congenital esotro- 
pia, where both latent and manifest 
nystagmus are frequently accompany- 
ing signs, nystagmus of any type in 
patients with acquired comitant eso- 
tropia should prompt careful neuro- 
logic investigation. This is a point 
previously discussed by Scott,'* and 
we cannot overemphasize its impor- 
tance. However, no nystagmus was 
noted in three of our patients. In one 
of these patients, we failed to detect 
the associated brain tumor until 71 
weeks after the patient’s initial evalu- 
ation. 

We would like to emphasize one 
additional point that may be helpful 
in detecting the rare patient who 
presents with acute comitant esotro- 
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pia and associated intracranial dis- 
ease. In none of our patients who 
underwent surgery was ocular motor 
fusion reestablished, in sharp contrast 
to the patients described by Burian,’ 
where reestablishment of fusion was a 
diagnostic feature. Therefore, we 
believe that patients with acute comi- 
tant esotropia, in whom ocular motor 
fusion is not reestablished following 
neurosurgical or optical means, should 
undergo neurologic strabismus sur- 
gery investigation. 
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The mechanism responsible for 
acute comitant esotropia in patients 
with brain tumors is not known. How- 
ever, our series of patients should 
prompt renewed interest in the possi- 
ble role that brain-stem illness may 
play in all forms of comitant strabis- 
mus. Lennerstrand’ has recently 
reviewed brain-stem systems thought 
to be important in understanding the 
pathophysiology of comitant strabis- 
mus. He suggested that pathways that 
might be important “. .. could involve 
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Ocular Pneumoplethysmography Can Help in the 


Diagnosis of Giant-Cell Arteritis 


Thomas M. Bosley, MD; Peter J. Savino, MD; Robert C. Sergott, MD; Ralph C. Eagle, MD; Roberta Sandy, COA; William Gee, MD 


@ We compared the results of ocular 
pneumoplethysmography in nine patients 
who had a temporal artery biopsy (TAB) 
diagnostic of giant-cell arteritis with 
results of ocular pneumoplethysmogra- 
phy in nine patients with normal TAB 
results and 112 patients with anterior 
ischemic optic neuropathy or central reti- 
nal artery occlusion assumed to be nonar- 
teritic. The mean + SD ocular pulse 
amplitude with ocular pneumoplethys- 
mography was 3.9 + 1.8 mm in the group 
with abnormal TAB results and 10.6 + 4.0 
mm in the group with normal TAB results. 
Every patient with abnormal TAB results 
had an average calculated ocular blood 
flow less than 0.60 mL/min, while only 
one patient with normal TAB results fell in 
this range. The average calculated ocular 
blood flow had a sensitivity of 100% and a 
specificity of 93.4% in the diagnosis of 
giant-cell arteritis, with a diagnostic accu- 
racy of 93.9%. These results rival the 
diagnostic accuracy of the erythrocyte 
sedimentation rate and TAB results. 

(Arch Ophthalmol 1989; 107:379-381) 


ate arteritis (GCA) is a vascu- 
litis that may cause anterior is- 
chemic optic neuropathy (AION) or 
central retinal artery occlusion 
(CRAO) in older individuals. Diagno- 
sis depends on systemic symptoms, an 
elevated erythrocyte sedimentation 
rate (ESR), characteristic types of 
visual loss, and typical histopatholog- 
ic changes on temporal artery biopsy 
(TAB). Ocular pneumoplethysmogra- 
phy (OPG-Gee) is a sensitive tool in 
the diagnosis of GCA. 
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METHODS 


From Jan 1, 1987, to March 1, 1988, nine 
patients with biopsy-proved GCA were 
studied in the Wills Eye Hospital Vascular 
Studies Laboratory, Philadelphia, with a 
carotid noninvasive panel that included 
OPG-Gee, duplex scanning, and continu- 
ous-wave Doppler ultrasound (Table 1). In 
each case, noninvasive panels were per- 
formed less than one day after starting 
steroid treatment and less than four days 
before performing a TAB. During the same 
period, the Vascular Studies Laboratory 
staff examined nine patients with acute 
AION or CRAO who had normal TAB 
results and 112 patients with the same 
diagnoses who were presumed without 
TAB to have nonarteritic processes 
because of a low ESR, visible retinal embo- 
li (with CRAO), or no systemic symptoms 
indicative of GCA. All TAB specimens 
were reviewed by one of us (R.C.E.) with- 
out knowledge of the noninvasive testing 
results. 

Ocular pneumoplethysmography was 
performed with the Model OPG-3LP (Elec- 
tro-Diagnostic Instruments, Burbank, Ca- 
lif) in the recommended fashion.' Ophthal- 
mic systolic pressure (OSP), the intraocu- 
lar pressure at which detectable blood flow 
reappeared in each globe, was recorded and 
compared with the brachial systolic pres- 
sure measured with a cuff and stethoscope, 
using the standard nomogram. Ocular 
pulse amplitude (OPA), the maximum 
amplitude of the pulse waveform, was 
measured for each eye. 


















Patient No./ 
Age, y/ 
Sex/Race 
1/66/M/W 
2/70/M/W 
3/79/F/W 
4/73/M/W 


Ophthalmic 
Diagnosis* ESR, mm/ht 


R CRAO 100 
R AION 48 
L AION 87 
R CRAO 110 


5/61/M/H L CRAO 55 
6/74/F/W B AION 66 
7/73/F/W B AION 125 
8/66/F/W R CRAO 76 
9/90/F/W R AION 127 


Table 1.—Patients With Giant-Cell Arteritis 


Headache, temporal cords, and jaw claudication 


Jaw claudication 
Temporal tenderness and weight loss 
Headache, temporal tenderness, and jaw claudication 


Polymyalgia, headache, temporal tenderness, jaw 
claudication, and weight loss 


Polymyalgia, temporal cords, and jaw claudication 
Temporal tenderness 
Polymyalgia, temporal tenderness, and temporal cords 


The OPA was used to calculate ocular 
blood flow (OBF) by a formula predicated 
on three constant and two variable fac- 
tors.! One constant is the volume calibra- 
tion of both ocular pulse channels of the 
instrument, in which a 1-mm’ volume 
change results in a 10-mm pen deflection. 
The second constant is a conversion factor 
for equating milliliters and cubic millime- 
ters. The third constant relates the total 
surface area of the globe to the surface 
area of the globe covered by the inside 
diameter of the eyecup. This was originally 
reported as 16/1, but it has been recently 
modified to 14.9/1. The three constants can 
be conveniently expressed as a single fac- 
tor, 0.00149. The two variable factors are 
the heart rate (HR) per minute and the 
maximum OPA recorded in millimeters. 
Calculation of OBF is defined by the fol- 
lowing equation: OBF = HR X OPA X 
0.00149. If both eyes of the patient were 
studied, an OBF average (OBFav) was cal- 
culated as the mean OBF from the two 
eyes. If only one eye of the patient was 
studied, OBFav equaled the OBF from that 
eye. 

A repeated OPG-Gee was performed on 
eight patients with GCA after two weeks 
to seven months of treatment with oral 
prednisone. None of these patients had 
experienced additional visual loss after the 
institution of steroid therapy, and all hada 
Westergren ESR of less than 40 mm/h 
when the OPG-Gee was repeated. 

Statistical analysis consisted of analysis 
of variance followed by Tukey’s least sig- 
nificant differences multiple-comparison 


Systemic Symptoms 





*CRAO indicates central retinal artery occlusion; AION, anterior ischemic optic neuropathy; and B, 
bilateral. 
tErythrocyte sedimentation rate (Westergren). 
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procedure. Duplex scanning was per- 
formed (Biosound 2000SA, Biosound Ince, 


Table 2.—Ocular Pneumoplethysmography Results in Patients With Giant-Cell Arteritis* 
Indianapolis), and Doppler ultrasound was 





Ophthalmic 

















performed (Echoflow II, Waltham [Mass] snih ne e pe 
Precision, Ine) Brachial Pressure, Amplitude, Flow, 
Systolic Heart torr mm mL/min 
RESULTS Patient Pressure, Rate, pE Me Ba eS E wes pee eS 
No. mm Hg Beats/min R = R L R A 
Tables 1 and 2 show the clinical 
data and the results of OPG-Gee test- 98  ND* 6 foe 3 0.58 a 
ing in patients with abnormal TAB 114 114 4 0.42 0.42 
results. There were no significant dif- 9 0.09 0.09 
ferences in age, sex, systolic blood 3 0.95 0.12 
pressure, HR, or degree of carotid 5 0.24 0.12 
stenosis among patients with abnor- 104 104 0.60 0.45 


mal TAB results, normal TAB results, 
CRAO, or AION. 

The mean OPA was 3.9 mm in 
patients with abnormal TAB results, 
which differed significantly (P < 
.001) from the mean OPA of 10.6 in 
patients with normal TAB results 
(Table 3). The OPA measurements 
were not significantly different 
between patients with normal TAB 
results and patients with presumed 
nonarteritic CRAO and AION. The 
mean OPA of all nonarteritic 
patients, however, differed signifi- 
cantly from OPA results in patients 
with abnormal TAB results. The mean 
calculated OBF in patients with 
abnormal TAB results was 0.40 mL/ 
min, significantly less than the mean 
OBF in patients with normal TAB 
results (P < .001) The OBF in 
patients with normal TAB results and 
other patients with presumed nonar- 
teritic CRAO and AION were almost 
identical, and the mean OBF in all 
nonarteritic patients differed signifi- 
cantly (P <.001) from OBF in 
patients with abnormal TAB results. 

Table 4 shows OBFav ranges for 
each group of patients. All patients 
with abnormal TAB results in this 
series had an OBFav of less than 0.6 
mL/min, while only one of nine 
patients with normal TAB results had 
an OBFav in this range. A total of 
eight patients (7%) with CRAO and 
AION presumed to be nonarteritic 
had an OBFav in the same range as 
patients with GCA. Age, sex, race, and 
reason for visual loss in these nonar- 
teritic patients with low OBFavs 
were similar to patients with abnor- 


O 
N 
N 





* ND indicates not done, recent cataract extraction. 
tMonocular patient. 4 


Table 3.—Ocular Pneumoplethysmography Results 
Ocular Pulse 
Amplitude, mm 
—_—_oo AMM 
Mean 
(SD) 


Ocular Blood 

Flow, mL/min 
—mee...—_— 
Minimum Maximum Mean (SD) 


No. of 


Diagnosis Patients Minimum Maximum 


Abnormal TAB 
results 9 1 3.9 (1.8)t 0.09 0.95 0.40 (0.17)t 
52 2 


8 
Normal TAB 
results 9 23 10.6 (4.0) 0. .40 1.27 (0.35) 


CRAO 75 20 10.1 (3.5) 0.36 2.09 1.01 (0.34) 
AION 37 18 11.4 (3.1) 0.54 1.97 1.28 (0.31) 


All NA 121 4 23 10.5 (3.5) 0.36 2.40 1.11 (0.36) 4 





* TAB indicates temporal artery biopsy; CRAO, central retinal artery occlusion; AION, anterior ischemic optic 
neuropathy; and NA, nonarteritic. 
tP = .001. 


Table 4.—OBFav Values by Diagnosis* 


Abnormal Normal 
OBFav, TAB TAB 


mL/mint Results Results CRAO AION 


0-0.29 3 0 0 0 O 3 


0.30-0.59 6 1 8 
0.60-0.89 28 3 


0.90-1.19 0 3 22 34 34 


1.20-1.49 29 


1.50-1.79 15 


1.80-2.10 0 0 2 2 4 4 


Total 9 9 75 37 121 130 





* OBFav indicates ocular blood flow average; TAB, temporal artery biopsy; CRAO, central retinal artery 
occlusion; AION, anterior ischemic optic neuropathy; and NA, presumed nonarteritic. 
tOBFav = OBFr + OBF,/ 2. OBF = heart rate X ocular pulse amplitude X 0.00149. 


mal TAB results, but most of these 
patients had a strong history of dis- 
seminated atherosclerotic disease or 
atherosclerotic risk factors such as 
diabetes mellitus. 

The OSP was not as sensitive as the 
OBF in predicting an abnormal TAB 
result because abnormal OSP results 
were obtained in only two patients 
with abnormal TAB results. One of 
these patients had an ipsilateral 
carotid stenosis measuring 80% by 


duplex scanning, and the other had an 
OPA so small that the OSP was diffi- 
cult to determine accurately. A simi- 
lar incidence of an abnormal OSP was 
found in patients with nonarteritic 
processes. 

Table 5 shows the results of re- 
peated OPG-Gee testing in eight 
patients with abnormal TAB results 
after treatment with prednisone 
ranging from two weeks to seven 
months. Patient 1 died before testing 
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was repeated. The OPA was increased 
in each eye on retesting, with the 
magnitude of increase associated with 
the duration of treatment (r = .699; 
P < .001). 


COMMENT 


The diagnosis of GCA, or temporal 
arteritis, must be considered in any 
individual older than 55 years with 
AION or CRAO without obvious reti- 
nal emboli.? Headache, polymyalgia, 
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* OPA indicates ocular pulse amplitude. 
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tEye affected by anterior ischemic optic neuropathy or central retinal artery occlusion. 


weight loss, jaw claudication, tempo- 
ral tenderness, and palpable, nonpul- 
satile temporal arteries are commonly 
associated with GCA, but they are not 
always present.*> The Westergren 
ESR is useful when elevated, but 
sometimes it is within the normal 
range. Temporal artery biopsy is 
essential to the diagnosis, but the 
classic histopathologic changes are 
frequently discontinuous in the extra- 
cranial carotid system. Twenty-eight 
percent of biopsies are reported to 
have skip areas, and 5% of cases 
involve only one temporal artery.’ 
Clearly another diagnostic tool would 
be helpful. 

Most reports of OPG results have 
focused on the value of the OSP in 
detecting hemodynamically signifi- 
cant carotid stenoses,'® but the tech- 
nique also permits measurement of 
the OPA, a reflection of volume 
changes in the globe with each cardiac 
cycle. Patients with GCA had mean 
OPA measurements less than half 
those of patients with normal TAB 
results and of other patients with 
presumed nonarteritic CRAO and 
AION. Decreased OPA in GCA was 
most likely due to decreased blood 
flow in the choroid due to involvement 
of posterior ciliary arteries, be- 
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cause GCA may affect choroidal per- 
fusion'''* and the choroid receives 
93% of the total OBF." The associa- 
tion of decreased OPA with GCA was 
confirmed by increasing OPA mea- 
surements during prednisone therapy 
in a fashion strongly associated with 
the duration of therapy. Therefore, 
reversible choroidal ischemia without 
infarction may be more common in 
GCA than would be expected from 
previous reports.” 

The OPA was symmetric in six of 
the seven patients with GCA in whom 
two eyes were studied, even though 
visual loss was unilateral in four of 
the patients. These results imply that 
the vasculitis of GCA most commonly 
involves the blood supply to both eyes, 
although the initial visual deficit may 
be unilateral. This bilaterality is in 
agreement with clinical observations 
that GCA frequently involves the sec- 
ond eye if left untreated.’ However, 
asymmetric OPA in patient 5 high- 
lights the possibility of false-negative 
results if only the uninvolved eye is 
studied. 

The OBF calculated from the OSP 
proved to be a remarkably sensitive 
tool in diagnosing GCA. The OBF in 
every eye with GCA was less than 1.0 
mL/min, with a mean OBF in the 
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group of less than one third that of 
the group with normal TAB results. 
All patients with GCA had an average 
OBF from two eyes (OBFav) less than 
0.6 mL/min, while only one patient 
with a normal TAB result was in this 
range. When the entire series of 130 
patients evaluated over a 14-month 
period is considered, the OBFav at a 
level of 0.6 mL/min had a sensitivity 
of 100% and a specificity of 93.4% in 
the diagnosis of GCA, with a diagnos- 
tic accuracy of 93.9%. The OSP, the 
most useful OPG-Gee measurement in 
carotid disease, was not nearly as 
useful in GCA. 

No test is completely accurate in 
diagnosing GCA. This series included 
eight patients with false-positive 
OBFav results, most of whom had 
evidence of disseminated atheroscle- 
rotic disease. There were no false- 
negative results using the mean OBF 
from two eyes in this series of 
patients, but OBF calculated by this 
technique is variable and occasional 
patients with higher OBFavs and 
GCA should be expected. This study 
included only patients with preexist- 
ing visual loss, and no comment can be 
made about the accuracy of OPG in 
evaluating patients with polymyalgia 
rheumatica or GCA before CRAO or 
AION. The OPG should not be the 
only diagnostic test for GCA, but it is 
quick, safe, technically straightfor- 
ward, widely available, and has few 
contraindications. We recommend 
that OPG be performed in any patient 
with possible GCA who has no contra- 
indications to the test. Patients with 
low OPAs and calculated OBF should 
be treated for GCA until the results of 
a TAB are known. 
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Indirect Optic Nerve Trauma 


`- Simmons Lessell, MD 


@ This report summarizes the details of 
33 personal cases of the important but 
uncommon entity of posttraumatic optic 
neuropathy, seen during an 11-year inter- 
val. Victims were predominantly young 
males, and bicycles proved the most com- 
mon source of injury. Severity of visual 
loss correlated poorly with level of con- 
sciousness and presence of craniofacial 
fractures. Optic canal fractures were 
found in only seven of the patients. Vision 
improved in five of 25 untreated patients, 
one of four treated with corticosteroids, 
and three of four treated with corticoste- 
roids and transethmoidal decompression 
of the optic canal. No patients lost vision 
after their initial examination. Two of six 
initially blind eyes regained some vision. 
Management of these injuries is contro- 
versial. Hospitals should designate physi- 
cian teams that should develop and imple- 
ment a treatment plan for traumatic optic 
neuropathies. 

(Arch Ophthalmol 1989; 107:382-386) 


Patients with optic nerve injuries 

from nonpenetrating craniofacial 
trauma present a difficult treatment 
problem. An abundant literature has 
accumulated on the clinical features, 
pathogenetic mechanisms, investiga- 
tion, and treatment of such injuries, 
but the value of some of the publica- 
tions is limited because they fail to 
provide important clinical details. 
Some report only single cases and 
some of the larger series appeared 
before the most valuable radiological 
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and surgical options were generally 
available. It is not surprising that 
disagreement remains concerning the 
proper treatment of patients with 
optic neuropathies from blunt head 
trauma. This is particularly unfortu- 
nate since these patients might bene- 
fit if appropriate therapy were insti- 
tuted promptly. Instead, even in large 
centers, physicians confronted with 
cases of indirect optic nerve trauma 
are apt to temporize or extemporize 
treatment. 

This report describes a single neu- 
ro-ophthalmologist’s experience with 
indirect optic nerve trauma incurred 
by patients during the era of com- 
puted tomography. It indicates the 
characteristics of the patients, the 
sources of the trauma, and certain of 
the clinical features that provide data 
on which management guidelines 
might be based. 


METHODS AND MATERIALS 


The features of the study cases conform 
strictly to the description of “indirect inju- 
ry to the optic nerve” in the third edition of 
Walsh and Hoyt’s Clinical Neuro-ophthal- 
mology': “traumatic loss of vision which 
occurs without external or initial ophthal- 
moscopic evidence of injury to the eye or 
its nerve.” All cases were from a cohort 
retrieved from the author’s database that 
contains the identifying information and 
diagnoses of patients with neuro-ophthal- 
mic disorders. All had been coded as “trau- 
matic optic neuropathy.” From an original 
group of 67, seven were excluded because of 
evidence of chiasmatic injury, five because 
of concurrent trauma to the retina or 
vitreous, three because of penetrating 
orbital trauma, one because the clinical 
course could not be adequately recon- 
structed, and the remainder because they 
were injured before 1976 or had no follow- 
up evaluations. 

Each patient had been examined at the 
Boston University Medical Center, the 
Massachusetts General Hospital, or the 
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Massachusetts Eye and Ear Infirmary, 
Boston, between 1976 and 1987 for trau- 
matic optic neuropathies incurred during 
that interval. The patients were studied 
with computed tomographic scans of the 
head and orbits, including bone window 
images, and also with plain skull roentgen- 
ograms. Polytomograms of the optic canals 
and orbits were also obtained on patients 
who were examined before 1982. 
Therapeutic decisions were made on an 
ad hoc basis by teams of consultants. None 
of the hospitals had a protocol for the , 
evaluation or treatment of indirect optic _ 
nerve injuries and many ophthalmologists, 
otolaryngologists, and neurosurgeons par- 
ticipated in the treatment of the patients. 


RESULTS 


The data are presented in Table 1. 
In each of the 30 unilateral cases the 
findings were clearly those of an optic 
neuropathy. Optic atrophy ultimately 
developed in every patient. Dyschro- 
matopsia and a relative afferent 
pupillary defect were present, except 
in cases 18 and 27. In the three bilat- 
eral cases, putative localization was 
also to the optic nerve rather than the 
chiasm. There was no evidence of bas- ~ 
al skull fracture, hypothalamic-pitu- 
itary dysfunction, or chiasmatic field 
defect. 

Follow-up intervals ranged from 
one month to three years (mean, 8.75 
months). Twenty-seven of the 33 
patients had been followed up for at 
least three months. There were 25 
males and eight females. 

The Figure shows the age distribu- 
tion of the study cases. Although a 
wide range of ages is represented, 
there is a distinct clustering of cases 
in the second decade. A fall from a 
bicycle was the most common mode of 
injury (seven cases), followed by auto- 
mobile collision (six cases). Only four 
patients suffered their injuries at 
work and few injuries occurred in the 
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Age, y/ Duration of Cause of Conscious- 





Sex Follow-up Trauma ness Coma” Fracture Treatment Acuityt Field Course 
1/4/F 4 mo Pedestrian struck + + Depressed frontal Reduction of NLP OD <—F Stable 
by automobile convexity frontal fracture 





6 mo Fell off bicycle 20/40 OS Inferior Bjerrum’s Stable 
scotoma 
3/6/F 14 mo Fell off bicycle - - — — 20/200 OD re Stable 
4/10/M 2 mo Fell off bicycle = _ — - 13/200 OS Inferior altitudinal Stable 
5/10/M 1 mo Tripped — = _ High-dose LP OS ee Stable 
corticosteroids 
6/11/F 2h y Thrown from bus _ = — - 20/200 OD Superior altitudinal Stable 
in a collision 


7/11/M 3 mo Pedestrian struck 20/200 OS Relative constriction Improved from 
by automobile with island LP to 
20/200 OS 
in3d 
8/12/M 2 mo Fell off bicycle Both sphenoids High-dose as Stable 
through optic corticosteroids 
canals and canal 
decompression 
48 h after 
trauma 


9/13/M 3 mo Fell off bicycle L sphenoid High-dose 20/70 OS Inferior altitudinal Improved from 
sparing canal corticosteroids CF to 
and canal 20/70 OS 
decompression 
36 h after 
trauma 


10/14/M 4 mo Fell off bicycle High-dose 20/50 OS Inferior Bjerrum's Improved from 
corticosteroids scotoma 5/200 to 
and canal 20/50 OS 
decompression over 5d 
48 h after 
trauma 

11/15/M 3 mo Fainted v = sa = 20/30 OS Inferior altitudinal Stable 


12/16/M Automobile + + — — 10/200 OD Absolute Improved from 


























16 mo 


collision 20/40 OS constriction with NLP OD to 
nasal island, OD; 20/200 to 
full OS 10/200 
OD, and to 
20/40 OS 
over 






months 














13/17/F Pedestrian struck R zygoma and 20/70 OD Relative concentric Improved from 
by automobile nose constriction with 2/200 to 
nasal island 20/70 OD 


over days 


+ - Planum = CF OD Pes Improved from 
sphenoidal and LP to CF 
R canal OD in2d 


Bilateral maxilla | High-dose 20/100 OD Stable 
and mandible corticosteroids 20/40 OS 


+ - R orbit, medial High-dose 20/25 OD Inferior altitudinal Improved from 












Assaulted 





14/17/M 




















Automobile 
collision 


Automobile 


15/18/M 





















16/18/M 


collision and lateral corticosteroids 20/100 to 
walls, and 20/60 OD 
canal over days 








17/19/M 8 mo Motorcycle + — _ - 20/70 OD Inferior altitudinal Stable 
collision 
18/19/M 1% y Automobile + + Bilateral zygoma - 20/30 OD Superior Bjerrum’s Stable 
collision scotoma 
19/19/M 6 mo Automobile tod Stable 
collision 
20/20/F 9 mo Automobile L maxilla res Stable 
collision 
21/20/M 3 mo Fell 30 ft es Improved from 
NLP to CF 
ind5d 
22/23/M 5 mo Fell 16 ft at work Frontal convexity 20/40 OS Absolute concentric Stable 
constriction with 
relative central 
scotoma 
23/38/M 3y Assaulted + - L canal - CF OS Sa Stable 
(Continued on p 384.) 
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Final 
Visual 
Acuityt 


20/30 OD 


Loss of 
Conscious- 
ness 


Case No. / 
Age, y/ Duration of 
Sex Follow-up 


24/40/F 11 mo 


Cause of 
Trauma 


Bus collision 


Fracture Treatment 
Frontal convexity, Repair of skull 
R medial orbital and orbital 

well and canal wall fractures 


Coma* Course 


Inferior altitudinal Stable 


25/40/M Bus driver; stood 20/40 OS Stable 
up and struck 


brow 
26/45/M 2 mo Fell down stairs + NLP OS — Stable 


27/49/M 6 mo Moped collision + R zygoma High-dose 20/13 OD Upper altitudinal Stable 
corticosteroids 
4 


+ 
28/51/M 2y Skied into a tree + R orbit, canal, = 20/13 OD Superior altitudinal Stable 
frontal, 
temporal, and 
parietal 


2 mo 


29/53/M 4 mo Fainted 20/30 OD Nasal paracentral Stable 


scotoma A 
Inferior altitudinal Improved from 
20/40 to 
20/20 OD 


Conductor stuck 20/30 OD 
his head out of 
window of 


moving train 


30/54/M 6 mo Floor, medial and High-dose 
lateral walls, R corticosteroids 
orbit, and R and canal 
canal decompression 
72 h after 


trauma 


1/200 OS Absolute concentric Stable 
constriction with 
nasal island 

20/13 OD Superior altitudinal 


20/400 OD Superior altitudinal 


31/57/M 2 mo Fell off bicycle 


32/60/F 
33/71/F 


Stable 
Stable 


9 mo Tripped + - R zygoma -> 


Tripped + 


wy 





*Unresponsive for at least 24 hours. 
TNLP indicates no light perception; LP, light perception; HM, hand motions; and CF, counting fingers. 


home. Most patients were simply “en 20 | 

route.” 
Although 27 of the 33 patients lost 

consciousness at the time of their 

injury, and eight of them were unre- én 

sponsive for at least 24 hours, there 

was no relation between the final 

visual acuity and state of conscious- 

ness. However, level of consciousness _ : 

did correlate with the presence of 10 

nonvisual neurologic deficits. Nonvi- 

sual neurologic residua were found in 

five of the eight comatose patients but 

only in two of the 19 patients who had 

loss of consciousness for a few S 

minutes. None of the patients who 

remained alert suffered a persisting “4 

neurologic deficit. 7 
Craniofacial fractures were imaged 0 


No. of Patients 


in 17 cases and only in seven of these 0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 
did the fracture line intersect the 
optic canal. The distribution of visual Age, y 


deficits was similar among patients 
without fractures, patients with frac- 
tures, and those with fractures that 
implicated the optic canal. Visual 
acuities were 20/200 or worse in ten 


Age distribution of 33 patients with traumatic optic neuropathies. Solid bars indicate females 
(n = 8); and open bars, males (n = 25). 


(58.8% ) of 17 eyes of patients without 
fractures, in seven (36.8% ) of 19 with 
fractures, and in three (42.8% ) of sev- 
en patients with canal fractures. 
Table 2 summarizes the relation- 
ship between the outcome and the 
method of management in the study 
cases. In the patients whose Snellen 
visual acuity improved, and in whom 


perimetry was feasible, there was 
unequivocal expansion of the visual 
field. All of the decompressions were 
transethmoidal under general anes- 
thesia. None of the corticosteroid- 
treated patients received “megadose” 
intravenous dexamethasone sodium 
phosphate (see below) or hyperosmo- 
lar agents. 
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COMMENT 

Kline et al? have published an excel- 
lent, comprehensive review of the lit- 
erature on indirect injuries of the 
optic nerve that helps to place in 
perspective some of the discussion 
that follows. 

The clinical picture of indirect optic 
nerve trauma that emerges from the 
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between the characteristics of Fu- 
kado’s patients and those in other 
series. For one, the vast majority of 
Fukado’s patients had optic canal 
fractures (460 of 500 consecutive 
cases”). In the present series, canal 
fractures were imaged in only seven of 
the 33 patients and have been found in 
a minority of patients in other 
series.” Fukado had no bilateral 


Table 2.—Relation Between Outcome and Treatment 


Outcome 
No. of 
Patients 





ee ae a ee ae —_— mprovee Worsened 


ee E l 
Corticosteroids and 
transethmoidal decompression 


* Includes patients who had fracture repairs unrelated to optic canal. 


present series resembles that present- 
ed in the literature. Victims were typ- 
ically young males who were injured 
while riding a vehicle. A concussive or 
subconcussive frontal blow proved 
sufficient to permanently impair 
vision regardless of whether or not a 
fracture was present. Optic atrophy 
invariably supervened. Most patients 
were spared other neurologic sequel- 
ae. There was an imperfect correla- 
tion between the severity of the blow 
and the visual consequences. 

A surprising observation in the 
present series is that falls from bicy- 
cles were the most common source of 
injury. Few publications mention how 
the patients were injured. Turner,’ 
whose patients were predominantly 
` military personnel in wartime, never- 
theless found that bicycles accounted 
for seven of his 46 cases. Only motor- 
cycle injuries were more common. The 
high incidence of cycling injuries 
among adults in Turner’s series may 
reflect the reliance on bicycles for 
transportation in Great Britain dur- 
ing the Second World War. Noble and 
McFadzean‘ reviewed 25 cases of indi- 
rect injury to the optic nerves and 
chiasm admitted to a secondary refer- 
ral center for head injuries in Scot- 
land. Two of the patients had incurred 
their injuries while riding bicycles. 

Bicycles are being increasingly rec- 
ognized as an important source of 
serious injury. In Brisbane, Australia, 
over 20% of the children admitted to 
the hospital with head injuries had 
been injured while riding a bicycle.‘ 
Only falls accounted for a greater 
share. Annual accident rates while 
cycling in the United States have been 
estimated at 365 per 100000 males, 
and 156 per 100000 females.* These 
rates must be considered minimum 
estimates since they were derived 
from hospital data and did not include 
patients who sought aid at physicians’ 
offices. Ninety-seven percent of the 
cycling injuries were from solo spills 
rather than automobile-bicycle colli- 
sions.’ 

These observations point to the 
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need for public health measures that 
might prevent injuries to cyclists. 
Wallers has reviewed the “counter- 
measures” that might be imple- 
mented in attempting to reduce the 
incidence of bicycle-related injuries. 
Protective helmets would be one obvi- 
ous means of protecting cyclists. How- 
ever, in the United States, under 2% 
of elementary school-age children 
wear helmets.’ This seems particular- 
ly unfortunate since, although there 
are no data on the extent to which 
helmets specifically protect the ante- 
rior visual pathway, it has been esti- 
mated that helmets currently avail- 
able for cyclists cover the areas in 
which 70% of cycling-related head 
injuries occur.’ As much as can be 
determined, the liabilities, if any, of 
wearing a helmet while cycling have 
not yet been systematically investi- 
gated. 

In reviewing the literature on indi- 
rect injuries of the optic nerve, one 
finds that the case series from the 
United States, Great Britain, and 
Europe tend to be small. The present 
series consists of only 33 patients seen 
in an ll-year interval. Other se- 
ries!" range in size from seven to 67 
patients. One Japanese series’? con- 
sisted of only 33 patients; however, a 
second report’? from the same center 
may indicate that indirect optic nerve 
trauma is more common in Japan 
than elsewhere. This report describes 
30 additional cases that were evalu- 
ated in only 18 months. Two other 
Japanese series are much larger. Fuji- 
tani et al” have described their expe- 
rience with 110 cases seen in a 17-year 
period. By far the largest published 
experience is that of Fukado.”*” He 
has treated over 750 cases with visual 
loss after blunt head trauma. It is 
difficult to explain the remarkable 
disparity between the size of Fukado’s 
series and those of other authors. 
Unfortunately, like some other au- 
thors, Fukado fails to indicate the 
source of his cases and the criteria for 
inclusion and exclusion. There are, 
however, some obvious differences 


cases, which is surprising considering 
the large size of his series. 

The management of indirect optic 
nerve injuries has been debated in the 
literature for decades, but a consensus 
has yet to be achieved. There is evi- 
dence that the intracanalicular seg- 
ment of the nerve is a frequent site of 
injury and, at least in some cases, 
ischemia is the pathogenetic mecha- 
nism. In light of these facts, one would 
expect surgical decompression of the 
canalicular segment of the nerve to be 
a mainstay of treatment. The safety of 
transcranial decompression™ and the 
availability of extracranial (transeth- 
moidal or  transsphenoidal) ap- 
proaches that spare the patient a cra- 
niotomy should reinforce the case for 
surgery. Despite this, Fukado*'” is the 
only wholehearted advocate of routine 
surgery. Fukado has employed trans- 
ethmoidal decompression with excel- 
lent results, especially in patients 
treated within one week of injury. He 
reports that surgery may also 
improve vision in some patients even 
after months. Based on their exten- 
sive experience, Fujitani et al” are 
also enthusiastic about decompressive 
surgery. They advise surgical decom- 
pression for patients with complete 
visual loss immediately after injury 
or if vision fails to improve to at least 
20/40 within three weeks of injury on 
“conservative” (oral prednisone) ther- 
apy. In their series, none of the nine 
eyes with immediate blindness that 
were treated conservatively improved, 
whereas improvement was noted in 
seven of 28 eyes that had been decom- 
pressed. 

At the other extreme are authors 
such as Hughes’ who consider that 
surgery offers no benefit over expec- 
tant treatment. Current practice in 
the United States tends to follow 
guidelines suggested by Walsh” in 
1966, and might be considered as fall- 
ing somewhere intermediate between 
the above-mentioned extremes. Walsh 
advised against surgery as an elective 
procedure in an unconscious patient 
and in cases of loss of vision and 
pupillary response. Walsh stated that 
surgery should be considered only if 
loss of vision develops later. Anderson 
et al'° advised the use of intravenous 


Optic Nerve Trauma—Lessell 385 


= as = pee ak es. 
Tr Lr - 


dexamethasone sodium phosphate in 
doses above 1 mg/kg per day. They 
reserved canal decompression for 
patients with delayed loss of vision 
unresponsive to 12 hours of mega- 
doses of intravenous dexamethasone 
and for patients who initially experi- 
enced return of vision after receiving 
megadoses of intravenous dexametha- 
sone, but who subsequently lost vision 
while on a maintenance regimen of 
steroids or with tapering of the dos- 
age. Matsuzaki et al? recommend a 
regimen that combines intravenous 
high-dose (initially 80 to 100 mg) 
prednisone and either glycerin or 
mannitol hexanitrate. 

The results of the various forms of 
treatment in the present case series 
indicate that improvement may occur 
in both treated and untreated 
patients. A higher proportion of the 
patients treated with corticosteroids 
and decompression experienced im- 
provement compared with untreated 
patients or those treated only with 
corticosteroids, but the numbers are 
too small to permit conclusions. None 
of the patients suffered loss of vision 
after their initial examination. There 
were five patients (six eyes) who could 
not see light immediately after injury. 
None of them were treated, perhaps 
reflecting the influence of Walsh’s 
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dictum. Nevertheless, vision improved 
in one case to finger counting, and a 
visual acuity of 10/200 in another. 
Total blindness following injury does 
not preclude some recovery of vision. 
It thus seems illogical to interdict 
surgery in all cases of immediate post- 
traumatic blindness. 

Kline et al? have offered some valu- 
able suggestions concerning the issue 
of management. They have pointed to 
the need for a prospective study that 
would include all injured patients and 
in which the results in an untreated 
control group would be compared with 
the results in patients treated with 
corticosteroids or surgery. However 
desirable such a study is, it seems 
unlikely that a controlled prospective 
investigation along conventional lines 
with random assignment of patients 
to one of several standardized proto- 
cols could be successfully completed. 
The greatest impediment is the short- 
age of appropriate cases. One may 
infer from the small size of published 
series (even those from large institu- 
tions) that cases of indirect optic 
nerve trauma are encountered infre- 
quently, at least in the United States. 
Furthermore, the study would require 
subdividing what is apt to be a small 
group of patients among at least three 
categories—a megadose dexametha- 
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sone regimen, immediate transeth- 
moidal decompression, and no treat- 
ment. It is also inevitable that some of 
the eligible patients or their families 
would refuse to participate. Thus, 
although a randomized, controlled 
study would be ideal, it is apt to be 
impracticable. 

An alternative method for deter- 
mining the best means of treating 
these patients would be through the 
creation of a central bank for the 
storage and analysis of patient data. 
Participating contributors should es- 
tablish their own institutional guide- 
lines for the evaluation and treatment 
of injured patients. As Kline et al? 
have suggested, a team of physicians 
must be identified who would be avail- 
able for the care of these patients and 
responsible for the implementation of 
the plan at each hospital. Hopefully, 
among the institutions contributing 
data, one would find some that use 
expectant treatment and others that 
use decompressive surgery or the 
scheme advocated by Anderson et al." 
Such a program would not only help 
stimulate institutions and physicians 
to create an optimal environment for 
the management of optic nerve trau- 
ma but, with time, may identify the 
best treatment alternative for indi- 
rect optic nerve injuries. 
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Cryptogenic Oculomotor Nerve Palsy 


The Need for Repeated Neuroimaging Studies 


- Aziz S. Abdul-Rahim, MD; Peter J. Savino, MD; Robert A. Zimmerman, MD; 


Robert C. Sergott, MD; Thomas M. Bosley, MD 


è Five children between ages 3 and 17 
years developed slowly progressive ocu- 
lomotor nerve palsies. No cause was 
found on initial clinical or neuroradiologic 
investigations. Subsequent computed 
tomography or 1.5-T magnetic resonance 
imaging revealed a mass along the course 
of the involved oculomotor nerve in three 
of the five cases. The clinical and radio- 
logic characteristics of these tumors are 
consistent with the diagnosis of schwan- 
noma or, less likely, meningioma. Chil- 
dren with acquired oculomotor nerve pal- 
sies of initially unknown etiology should 
undergo imaging every two years with the 
expectation of eventually detecting a 
small tumor somewhere along the course 
of the oculomotor nerve. 

(Arch Ophthalmol 1989; 107:387-390) 


solated acquired oculomotor nerve 

palsies in childhood are rare. The 
most common causes include trauma, 
inflammation, migraine, and neo- 
plasm.'? Rarely, the etiology remains 
unknown despite extensive neurora- 
diologic investigation and several 
years of follow-up.’ Five children pre- 
sented with isolated acquired oculo- 
motor nerve palsies of unknown etiol- 
ogy, three of whom subsequently were 
found to have a small mass along the 
course of the involved oculomotor 
nerve. 
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REPORT OF CASES 


Case 1.—An 8-year-old girl was noted in 
September 1976 at age 5 years to have an 
enlarged left pupil and an outward devia- 
tion of the left eye several days after being 
hit near the left eye with a swing. Horizon- 
tal rectus strabismus surgery performed 
on three occasions between April 1977 and 
December 1978 resulted in transient 
straightening of the left eye. Left-sided 
ptosis was noted in September 1977 and 
was partially corrected after surgical pro- 
cedures in August and December 19738. 

Neuro-ophthalmologic examination in 
October 1979 revealed visual acuities of 
20/15 OD and 20/50 OS, consistent with am- 
blyopia. There was 4 mm of left-sided ptosis 
without dyskinetic eyelid movements. The 
right pupil was 4 mm and reacted briskly to 
light; the left pupil was 8 mm and nonreac- 
tive to light. No afferent pupillary defect 
was present. A left exotropia was present 
with complete absence of elevation, adduc- 
tion, and depression. Abduction was full, 
and intorsional movements were present on 
attempted downgaze. The remainder of the 
ophthalmologic and neurologic examina- 
tion results were normal. 

Computed tomographic (CT) scans, pleu- 
ridirectional polytomography of the left 
cavernous sinus, and cerebral arteriogra- 
phy results were normal in November 
1979. 

Repeated examinations through June 
1987 disclosed no changes. A CT scan in 
November 1981 showed a round, contrast- 
enhanced mass immediately posterior to 
the left supraclinoid internal carotid 
artery. A second cerebral arteriogram was 
normal. Repeated CT scans in 1983 and 
1985 showed no change in the appearance 
of the left posterior cavernous sinus mass. 
Magnetic resonance (MR) images obtained 
in October 1985, November 1986, and July 
1987 showed unchanging focal enlarge- 
ment of the subarachnoid segment of the 
left oculomotor nerve (Figs 1 and 2). 

Case 2.—A 6-year-old boy was noted in 
1978 at age 3 years to have right eyelid 
ptosis and an outward deviation of the 


right eye. A levator resection in November 
1978 and a right lateral rectus recession 
with right medial rectus resection per- 
formed in May 1979 and again in January 
1980 resulted in transient improvement. 

Neuro-ophthalmologic examination in 
August 1981 revealed visual acuities of 
20/50 OD, consistent with amblyopia, and 
20/20 OS. There was 5 mm of right ptosis 
without dyskinetic eyelid movements. The 
right pupil was 5.5 mm and reacted poorly 
to light; the left pupil was 4 mm with a 
brisk reaction to light. No afferent pupil- 
lary defect was present. A right exotropia 
was present with limited elevation, adduc- 
tion, and depression. Abduction was full, 
and intorsional movements were present 
on downgaze. The remainder of the oph- 
thalmologic and neurologic examination 
results were normal. 

A CT scan in August 1981 was normal. 
Repeated ophthalmologic examinations 
through December 1987 disclosed no 
changes. An MR image obtained in Decem- 
ber 1987 showed a right superior cavernous 
sinus mass displacing the intracavernous 
carotid artery inferiorly (Fig 3). 

CAsE 3.—A 17-year-old boy noted in Jan- 
uary 1980 diplopia and an enlarged right 
pupil, followed three months later by 
right-sided ptosis. In May 1980, a CT scan 
and cerebral arteriography disclosed no 
abnormalities. 

Neuro-ophthalmologic examination in 
July 1980 revealed a visual acuity of 20/20 
OU. There was 3 mm of right-sided ptosis 
without dyskinetic eyelid movements. The 
right pupil was 6 mm and nonreactive to 
light; the left pupil was 4 mm and had a 
brisk reaction to light. No afferent pupil- 
lary defect was present. A right exotropia 
was present with limited elevation, adduc- 
tion, and depression (Fig 4). Abduction was 
full, and intorsional movements were 
present on downgaze. The remainder of the 
ophthalmologic and neurologic examina- 
tion results were normal. 

In March 1983, decreased sensation in 
the distribution of the first division of the 
right fifth cranial nerve was first noted. 
Computed tomographic scans obtained in 
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Fig 1.—Patient 1, July 1987. Axial T,-weighted (echo time, 20 ms; 
repetition time, 600 ms) magnetic resonance image demonstrating 
focal enlargement (arrow) of left oculomotor nerve in interpeduncular 


cistern. 


March 1981 and March 1983 showed an 
enlarged right cavernous sinus (Fig. 5). 
Magnetic resonance images obtained in 
April 1987 showed soft tissue in the right 
cavernous sinus superolateral to the cav- 
ernous carotid artery (Fig 6). 

Case 4.—A 16-year-old boy had first 
noted in June 1980 intermittent double 
vision at age 14 years. A right oculomotor 
nerve palsy was documented in June 1982. 
A CT scan and cerebral arteriogram in 
June 1982 were normal. 

Neuro-ophthalmologic examination in 
October 1982 revealed a visual acuity of 
20/20 OU. There was 1 mm of right-sided 
ptosis without dyskinetic eyelid move- 
ments. The right pupil was 5.5 mm and 
reacted poorly to light, and the left pupil 
was 4 mm and reacted briskly to light. No 
afferent pupillary defect was present. A 
right exotropia was present with limited 
elevation, adduction, and depression. 
Abduction was full, and intorsional move- 
ments were present on downgaze. The 
remainder of the ophthalmologic and neu- 
rologic examination results were normal. 

Repeated examination results through 
November 1986 remained unchanged 
except for an increase of right-sided ptosis 
to 3 mm. In January 1985 and in November 
1986, MR images of the brain were nor- 
mal. 

CasE 5.—A 4-year-old girl was noted in 
July 1984 to have an enlarged right pupil. 
Neuro-ophthalmologic examination re- 
vealed visual acuity of 20/20 OU. No ptosis 
or dyskinetic eyelid movements were 
present. The right pupil was 7 mm and 
reacted poorly to light; the left pupil was 5 
mm and reacted briskly to light. No affer- 
ent pupillary defect was present. The 
patient was orthophoric in primary gaze. 
Elevation and adduction of the right eye 
were limited; depression and abduction 
were full. The remainder of the ophthal- 
mologic and neurologic examination 
results were normal. 

A CT scan in August 1984 was normal. In 
May 1986, right-sided exotropia and limi- 
tation of depression of the right eye were 
first noted. Magnetic resonance images of 
the brain in January 1986 and June 1988 
were normal. 
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Fig 3.—Patient 2, December 1987. Coronal T,-weighted (echo time, 20 ms; repetition time, 500 
ms) magnetic resonance image demonstrating right superior cavernous sinus mass (tracer) 
isointense to brain, displacing carotid artery inferiorly. 


COMMENT 


All CT seans in this series were 
reviewed by one of us (R.A.Z.). While 
all the scans adequately visualized the 
cavernous sinuses, those obtained 
before 1982 were of lower resolution 
than later scans. Patients 1 and 3 have 
had, respectively, six and three 
repeatedly abnormal neuroradiologic 
study results that have not demon- 
strated any tumor enlargement. It is 
impossible to know for certain how 
long their tumors have been present. 
It is likely that the initial earlier- 
generation CT scans in patients 1 
through 3 were not of sufficient reso- 
lution to detect the tumors. However, 
the subsequent adjacent cranial nerve 
involvement in patient 3 indicates 
that these tumors are expanding slow- 
ly. The slowly progressive degree of 
isolated oculomotor nerve palsy in 
cases 4 and 5 leads us to suspect that 
the cause may be a similar small 
compressive lesion located along the 
course of the involved oculomotor 
nerve that we have not been able to 
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Fig 2.—Patient 1, July 1987. Left parasagittal T,-weighted (echo time, 
20 ms; repetition time, 600 ms) magnetic resonance image demon- 
strating focal enlargement (arrow) of left oculomotor nerve in inter- 


detect with current CT or MR imaging 
technology. 

The two largest reported series of 
isolated acquired oculomotor nerve 
palsies in childhood describe trauma, 
inflammation, migraine, and neo- 
plasm as the most frequent causes.'? 
Aneurysm and cyclic oculomotor pal- 
sy are two less common causes of 
acquired oculomotor nerve palsy in 
this age group.’ None of the patients 
in our series complained of headache, 
which typically occurs before attacks 
of ophthalmoplegic migraine.’ Cere- 
bral arteriography was performed in 
three of our five patients, and no 
aneurysm was found. The spastic and 
paretic phases of cyclic oculomotor 
palsy were not detected in our 
patients.‘ 

Isolated oculomotor nerve palsies 
have been reported in a variety of 
inflammatory conditions, including 
viral or bacterial meningitis, maxil- 
lary sinusitis, orbital cellulitis, and 
systemic viral infections such as 
infectious mononucleosis, chicken pox, 
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Fig 4.—Patient 3, April 1981. Right oculomotor nerve palsy involving 
pupil. 


and mumps.'? Our patients did not 
display the clinical characteristics of 
any of these processes. 

Oculomotor nerve palsy may occur 
following severe head trauma.°® In 
patients with basal intracranial 
tumors, oculomotor nerve palsy may 
follow only minor head trauma, 
although this has not been described 
in children.’ In our first patient, ocu- 
lomotor nerve palsy was noted follow- 
ing minor head trauma. An enlarge- 
ment of the subarachnoid portion of 
the left oculomotor nerve was 
detected when higher-resolution CT 
scanning first became available five 
years after the injury. The history of 
minor head trauma may be coinciden- 
tal in this patient. However, the trau- 
ma may have precipitated the palsy if 
the oculomotor nerve was already 
compromised by the compressive 
effect of a subclinical tumor. 
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Fig 6.—Patient 3, April 1987. Coronal T,-weighted (echo time, 20; 
repetition time, 600) magnetic resonance image demonstrating right 





Fig 5.—Patient 3, March 1983. Contrast-enhanced axial computed 
tomographic scan demonstrating mild enlargement of right cavernous 
sinus (arrow). 
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lateral cavernous sinus mass (arrow) isointense to brain. 


Isolated oculomotor nerve palsies in 
children may be caused by neoplasms 
that involve the subarachnoid, intra- 
cavernous, or orbital portions of the 
third nerve. Infiltration of the oculo- 
motor nerve in the subarachnoid 
space has been reported, due in one 
case to leptomeningeal sarcoma and 
in another case to lymphoma.' One 
case each of a meningioma, schwanno- 
ma, and neuroepithelial cyst, all lo- 
cated in the precavernous portion of 
the third nerve, also caused isolated 
childhood oculomotor nerve palsy.*?° 
The cause of the oculomotor nerve 
palsy in the child with the schwanno- 
ma was undetected by CT scanning for 
four years. A 3 X 4-mm schwannoma 
was found along the interpeduncular 
portion of the nerve at craniotomy, 
suggesting that these tumors may be 
undetectable by neuroimaging yet 
still capable of producing a nerve pal- 


sy.’ This case is similar to that of our 
patient 1, in which five years lapsed 
between onset of the third-nerve palsy 
and discovery of a small focal enlarge- 
ment of the subarachnoid segment of 
the left oculomotor nerve. 

Tumors that may involve the intra- 
cavernous portion of the oculomotor 
nerve in children include schwanno- 
mas, meningiomas, pituitary adeno- 
mas, craniopharyngiomas, epider- 
moids, and cavernous hemangi- 
omas.!''¢ A small tumor isointense to 
brain on MR scanning was found in 
the superolateral cavernous sinus in 
both patients 2 and 3. Lack of tumor 
involvement outside of the cavernous 
sinus eliminates pituitary adenoma 
and craniopharyngioma from consid- 
eration in the diagnosis.” Epider- 
moids would be expected to be hypoin- 
tense rather than isointense on T,- 
weighted MR imaging.'’?”> The few 
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reported parasellar cavernous heman- 
giomas have completely filled the cav- 
ernous sinus or expanded outside of 
it.’*'* Both schwannomas and menin- 
giomas are isodense to brain on CT 
scanning and demonstrate moderate 
to marked contrast enhancement.'*” 
The intensity of either type of tumor 
on T,- or T,-weighted MR scanning is 
generally similar to that of brain, 
although larger schwannomas may 
cause prolonged T, relaxation, result- 
ing in a bright signal on the T,- 
weighted image.'”°*°° The tumors in 
our patients conform to these imaging 
characteristics. 

Schwannomas are slow-growing 
nerve sheath tumors whose clinical 
presentation varies with involvement 
of the nerve of origin and gradual 
compression of adjacent structures.”! 
Increasing numbers of oculomotor 
nerve schwannomas are being re- 
ported in children and adults.” Cav- 
ernous sinus meningiomas in child- 
hood are exceedingly uncommon and 
may exhibit more rapid growth than 
their adulthood counterparts.'?*4 Clin- 
ically, schwannoma is a more likely 
diagnosis than meningioma in our 
patients. 

Mizen et al’ described two children 
with isolated acquired oculomotor 
nerve palsies in whom the results of 
systemic, neurologic, and neuroradio- 
logic investigations, including CT 
scanning and cerebral arteriography, 
were normal. No further deficits were 
found after two years of follow-up in 
each case. The conditions of these 
patients are nearly identical to those 
of our patients 4 and 5. As neuroradio- 
logic imaging techniques continue to 
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improve, we expect that a small tumor 
compressing the involved oculomotor 
nerve will eventually be revealed in 
each of these cases. 

Children who present with acquired 
oculomotor nerve palsy, normal neu- 
roimaging study results, and no char- 
acteristics of migraine, cyclic oculo- 
motor palsy, or an inflammatory 
cause should be followed up every two 
years with high-quality imaging of 
the subarachnoid and intracavernous 
segments of the oculomotor nerve. 
More emergent neuroimaging is indi- 
cated if the palsy rapidly progresses 
or other neurologic deficits appear. 
The syndrome of acquired childhood 
oculomotor nerve palsy due to a small, 
possibly slowly expanding mass lesion 
should be recognized to prevent 
aggressive, invasive investigation of 
what appears to be to date a relatively 
benign condition. 
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Subretinal Fluid Stimulation of Retinal Pigment 


Epithelial Cell Migration and Proliferation Is Dependent on 


Certain Features of the Detachment or Its Treatment 


Sean F. Hackett; Brian P. Conway, MD; Peter A. Campochiaro, MD 


è Subretinal fluid was collected with- 
out contamination by blood by placing 
capillary tubes within drainage sclero- 
tomies when retinal reattachment surgery 
was performed. All samples (N = 24) stim- 
ulated retinal pigment epithelial (RPE) cell 
migration and proliferation, but a wide 
range of activity existed (migration, 
27.5% to 322.5% above baseline; prolifer- 
ation, 7.5% to 318.3% above baseline). 
The correlation between migration- and 
proliferation-stimulating activity was not 
strong, suggesting the possibility that dif- 
ferent agents are responsible for each. 
Several variables were examined for cor- 
relation with each activity, including age 
and sex of the patient; extent, duration, 
and height of the detachment; protein 
content of the fluid; and amount of cryo- 
pexy. It was found that proliferation-stim- 
ulating activity increased with the extent 
of detachment and duration of detach- 
ment, while migration-stimulating activity 
correlated best with amount of cryopexy 
given before drainage. These data sug- 
gest that retinal cryopexy enhances RPE 
cell migration activity in subretinal fluid, 
while RPE proliferation activity increases 
with the size and duration of detach- 
ment. 

(Arch Ophthalmol 1989; 107:39 1-394) 


roliferative vitreoretinopathy 
(PVR) is a significant cause of 
blindness and visual morbidity. The 
factors that lead to its occurrence are 
poorly understood. It occurs most 
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commonly after retinal reattachment 
surgery; however, it also occurs in 
some patients before any surgical 
intervention, most often in the setting 
of chronic retinal detachment,' which 
suggests that detachment of the 
retina may initiate the cellular pro- 
cesses involved in PVR and that sur- 
gery may serve to stimulate them. 

This hypothesis is supported by his- 
topathologic and ultrastructural 
studies of retinal detachment in 
experimental models that demon- 
strate that soon after detachment, 
focal proliferation of retinal pigment 
epithelial (RPE) cells and retinal glia 
occurs, followed by migration of RPE 
cells into the subretinal space.” 
Migration and proliferation of RPE 
and glial cells are important processes 
in PVR.** The stimuli that lead to 
their occurrence after retinal detach- 
ment are unknown. We have recently 
demonstrated that bovine retinal 
extract stimulates RPE and glial cell 
proliferation,’ which suggests the pos- 
sibility that detached retina releases 
substances into the subretinal space 
that stimulate RPE and glial cell 
migration and proliferation. This 
study was designed to test this 
hypothesis by examining subretinal 
fluid obtained during retinal reat- 
tachment surgery for its ability to 
stimulate RPE cell migration and pro- 
liferation. 


MATERIALS AND METHODS 


Human RPE cells were harvested from 
postmortem eyes obtained from the Old 
Dominion Eye Bank, Richmond, Va, by a 
procedure that has been previously 
described.’ They were grown in 75-cm? 
flasks containing Eagle’s minimal essen- 
tial medium (MEM) supplemented with 
15% fetal bovine serum in 5% carbon 
dioxide at 37°C. Cells at passage 2 through 
5 were used for all experiments. 

Subretinal fluid (SRF) was obtained 


from 24 patients when retinal reattach- 
ment surgery was performed. Drainage 
was performed in well-exposed areas by 
dissecting a radial sclerotomy and expos- 
ing a knuckle of choroid. The choroid was 
treated with diathermy to prevent bleed- 
ing and was penetrated with a 6-0 needle. 
By carefully inserting a capillary tube 
between the lips of the sclerotomy against 
the choroid away from conjunctiva or oth- 
er tissue, SRF was collected by capillary 
action without contamination by blood. 
None of the patients had choroidal detach- 
ment, and all of the drainage procedures 
were uncomplicated. The fluid was kept 
sterile and frozen in small aliquots. The 
protein concentration of each sample was 
determined by the method of Lowry et al.* 
Specimens were thawed, diluted in MEM, 
and used in RPE cell migration and prolif- 
eration assays. 

At surgery, information concerning clin- 
ical features of the retinal detachments 
was recorded prospectively by the surgeon 
(B.P.C. or P.A.C.). These included the 
patient’s age and sex, the duration of 
detachment by history and examination, 
the extent of the detachment, the degree of 
elevation (normal vs high), and macular 
involvement. The surgeon also recorded 
the area of retina treated with cryopexy. 
Samples were excluded if there were 
judged to be any contamination by blood or 
drainage of liquid vitreous through a 
break. 

Cellular migration assays were per- 
formed in a 48-well Boyden chamber appa- 
ratus by modification of a previously 
described technique.’ Briefly, RPE cells 
were trypsinized and resuspended in 
serum-free medium at a density of 5 X 10° 
cells per milliliter. Twenty-five microliters 
of SRF diluted in MEM was added to the 
bottom wells of the apparatus and covered 
with a polycarbonate membrane contain- 
ing 8-um pores that had previously been 
coated with type I collagen. Fifty microlit- 
ers of cell suspension was then added to the 
top wells and incubated at 37°C for six 
hours. The apparatus was then disassem- 
bled, the porous membrane was removed, 
and all the cells were scraped from the top 
surface, leaving only the cells that had 
migrated through the pores. The cells were 
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Fig 1.—Left, Dose-dilution curve of proliferation-stimulating activity in subretinal fluid obtained from three patients with 
rhegmatogenous retinal detachment. Each point represents mean of three experiments performed in triplicate. Standard 
error measurements were within 8% for all points. Lines connect data points for individual samples. Right, Dose-dilution curve 
of migration-stimulating activity in subretinal fluid obtained from three patients with rhegmatogenous retinal detachment. Each 
point represents mean of three experiments performed in triplicate. Standard error measurements were within 5% for all 
points. Lines connect data points for individual samples. 


fixed in methyl alcohol and stained with 
modified Wright’s stain. The number of 
cells in ten (X400) fields were counted for 
each well. Each sample was tested in trip- 
licate in at least three different assays and 
was reported as the percentage increase 
above baseline migration toward MEM. 

Cell proliferation was measured in cell- 
counting assays.’ Briefly, RPE cells were 
plated in 16-mm wells of 24-well plates at a 
density of 2.0 X 10* cells per milliliter and 
allowed to attach overnight. Cells were 
then washed and incubated in serum-free 
MEM for 24 hours. Aliquots of each sample 
diluted in MEM were placed in triplicate 
wells, and after a 48-hour incubation peri- 
od at 37°C, cells were counted in an elec- 
tronic cell counter (Coulter). Each sample 
was tested in duplicate in at least three 
different assays and was reported as the 
percentage increase above baseline prolif- 
eration in MEM. 

Statistical comparisons were made with 
Student’s unpaired ¢ test. 


RESULTS 


Subretinal fluid obtained at the 
time of drainage during retinal reat- 
tachment surgery frequently, but not 


invariably, contains stimulatory ac- 
tivity for RPE cell migration and pro- 
liferation (Fig 1, Table 1). In prelimi- 
nary experiments, samples of SRF 
were tested at several different dilu- 
tions in cell migration and cell prolif- 
eration assays, and samples that 
contained activity showed typical 
dose-dilution curves for both param- 
eters (Fig 1). A dilution of 1:10 was 
found to be appropriate for demon- 
stration of both activities and was, 
therefore, used to compare activities 
between samples. Such comparison 
demonstrates a wide range for RPE 
cell migration-stimulating activity 
(27.5% to 322.5% ) and RPE cell prolif- 
eration-stimulating activity (7.5% to 
318.3% ) (Table 1). 

When migration-stimulating activi- 
ty was plotted against proliferation- 
stimulating activity for each sample, 
a weak correlation was demonstrated 
(Fig 2; Pearson’s correlation coeffi- 
cient of .198). The correlation of each 
activity with several clinical features 
of the retinal detachment obtained 
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prospectively was investigated. Pro- 
liferation-stimulating activity corre- 
lated best with the chronicity of 
detachment and the extent of detach- 
ment, as it was found to be signifi- 
cantly greater in SRF from detach- 
ments present for more than two 
weeks and larger than two quadrants 
(Table 2). Features of the detach- 
ments that were not associated with a 
significant increase in proliferation- 
stimulating activity were the pa- 
tient’s age and sex, height of the 
detachment, macular involvement, 
and amount of cryopexy before drain- 
age. Migration-stimulating activity 
showed correlation only with the 
amount of cryopexy used before 
drainage, as SRF from eyes treated 
with cryopexy to more than one quad- 
rant had significantly greater values 
(Table 2). Protein concentration of 
SRF was greater for chronic detach- 
ments (9.8 + 3.2 mg/mL) than for 
acute detachments (5.3 + 1.0 mg/mL) 
and showed a significant positive cor- 
relation with proliferation-stimulat- 
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ing activity but not migration-stimu- 
lating activity. 


COMMENT 


There is good evidence demonstrat- 
ing that PVR is a cell-mediated dis- 
ease,*> although several questions 
remain as to the nature and origin of 
the stimuli for the cellular processes 
involved. Cell migration has been 
implicated as a means by which cells 
gain access to the vitreous cavity,*° 
and, when the cells are firmly adher- 
ent to the substratum, a means by 
which they generate tractional forces. 
Cell proliferation has been implicated 
as a means by which the number of 
intravitreous cells increase to the 
point that their tractional forces are 
capable of causing retinal detach- 
ment.'° It is, therefore, important to 
define the source and nature of stimu- 
li for these two processes. In this 
study, we have demonstrated that the 
SRF obtained at the time of retinal 
reattachment surgery often, but not 
always, contains significant stimula- 
tory activity for one or both processes. 
The amount of RPE cell migration- 
stimulating activity in many samples 
correlates poorly with RPE cell prolif- 
eration-stimulating activity, suggest- 
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Fig 2.—Plot of retinal pigment epithelial cell migration-stimulating vs cell proliferation-stimulating 
activity in subretinal fluid obtained from 22 patients with rhegmatogenous retinal detach- 
ments. 
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Table 2.—Subretinal Fluid Stimulation of Retinal Pigment Epithelial Cell Proliferation 
and Migration Expressed as a Function of Various Clinical Parameters 


Proliferation, 
% Above Baseline, 
Mean + SEM 


No. of 


Clinical Parameters Patients 


Extent of detachment 
<2 quadrants 


>2 quadrants 


Duration of detachment, wk 
<2 


Height of detachment 
Moderate 


Very high 


Amount of cryopexy 
<1 quadrant 


>1 quadrant 


Migration, 
% Above Baseline, 
Mean + SEM 


No. of 
Patients 





*P < .005 by Student's unpaired ¢ test for difference between two values. All other differences are not 


significant. 


ing that different agents may be 
responsible for each. Since serum 
stimulates both activities, this sug- 
gests that serum or blood contamina- 
tion at the time of drainage cannot 
explain the demonstrated activity. 
This is further suggested by correla- 
tion of the activities with particular 
features of the retinal detachment or 
its treatment. Proliferation-stimulat- 
ing activity in SRF correlated with 
the extent and duration of detach- 
ment, while migration-stimulating 
activity correlated best with the 
amount of retinal cryopexy before 
drainage. These data suggest that 
RPE cell proliferation-stimulating 
activity may accumulate over time in 
SRF irrespective of treatment, while 
RPE cell migration-stimulating ac- 
tivity in SRF is enhanced immediately 
after retinal cryopexy. It is possible 
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that proliferation-stimulating activi- 
ty is also enhanced by cryopexy, but 
not until longer intervals after the 
treatment. This issue could not be 
investigated in the present study. 
Previous studies have identified 
potential sources for proliferation- 
stimulating and migration-stimulat- 
ing activity in the eye. Breakdown of 
the blood-retinal barrier in rabbits by 
several different mechanisms re- 
sulted in enhanced intravitreous 
mitogenic and chemotactic activity 
for RPE cells. Retinal cryopexy was 
one modality used to compromise the 
blood-retinal barrier and after three 
days resulted in enhancement of vit- 
reous stimulation of both migration 
and proliferation.'' In the present 
study, SRF obtained within an hour 
after cryopexy showed enhanced 
activity for migration but not prolif- 
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eration, which suggests that the agent 
or agents responsible for enhanced 
migration enter the subretinal space 
fairly quickly, most likely by leakage. 
Fibronectin has been implicated as a 
potential responsible agent in the rab- 
bit’? and in humans with PVR." We 
are examining its possible role with 
respect to the findings in our study. 
The lack of correlation of prolifera- 
tion with the extent of cryopexy sug- 
gests that the agent or agents respon- 
sible for its enhancement may gain 
access to the subretinal space by a 
different means, but it does not rule 
out late cryopexy-induced stimulation 
as occurs in the rabbit. This could be 


related to an associated inflammatory - 


response, as intravitreous macro- 
phages have been demonstrated to be 
a source for proliferation-stimulating 
and migration-stimulating activity 
for RPE cells. In the present study, 
enhanced _proliferation-stimulating 
activity in SRF correlated with the 
duration and extent of retinal detach- 
ment. Retina-derived RPE cell prolif- 
eration-stimulating activity has been 
demonstrated,‘ and it is possible that 
release of such activity into the sub- 
retinal space is enhanced by chronici- 
ty and increased extent of detach- 
ment. 

We have demonstrated that SRF 
obtained at the time of retinal reat- 
tachment surgery often contains 
stimulatory activity for two cellular 
processes that have been implicated in 
PVR. The correlation of each activity 
with certain features of the detach- 
ments provides some inferences as to 
possible modes of access to the sub- 
retinal space. Identification of respon- 
sible agents could provide further 
insight into the pathogenesis of 
PVR. 
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Clinicopathologic Reports 


Solitary Intraocular Lymphoma as an 


k i A ' 
Initial Presentation of Widespread Disease 


Douglas R. Fredrick, MD; Devron H. Char, MD; Britt-Marie Ljung, MD; Daniel A. Brinton, MD 


è A patient presented with a large peri- 
papillary choroidal mass as the initial 
manifestation of widespread, poorly dif- 
ferentiated, large cell lymphoma. The 
choroidal tumor had clinical and ultrason- 
ographic characteristics of a uveal malig- 
nant melanoma. A systemic evaluation 
and fine-needle aspiration biopsy speci- 
mens of the abdomen and choroid estab- 
lished the diagnosis of a lymphoma. On 
rare occasion, other neoplasms can simu- 
late the diagnostic pattern of uveal mela- 
noma, and fine-needle aspiration biopsy 
can be crucial in establishing the correct 
diagnosis. 

(Arch Ophthalmol 1989; 107:395-397) 


Ptrsccutar lvmphoid lesions are 
rare; a number of clinical patterns 
have been described. A primary 
intraocular lymphoma, usually with 
either concomitant later development 
of central nervous system disease, 
often simulates diffuse uveitis or 
vitritis in older patients.'? A variant 
of this process with predominantly 
choroidal instead of vitreoretinal dis- 
ease can be associated with systemic 
as well as central nervous system lym- 
phoma.’ A third type of intraocular 
lymphoma usually is diagnosed as the 
initial manifestation of previously 
quiescent systemic reactivation of dis- 


ease; these patients present with a 


Accepted for publication Sept 16, 1988. 

From the Ocular Oncology Unit, Department 
of Ophthalmology (Drs Fredrick, Char, and Brin- 
ton), the Francis I. Proctor Foundation (Dr 
Char), and the Departments of Radiation Oncol- 
ogy (Dr Char) and Pathology (Dr Ljung), Univer- 
sity of California, San Francisco. 

Reprint requests to Ocular Oncology Unit, 10 
Kirkham, Box 0730, UCSF, San Francisco, CA 
94143 (Dr Char). 


Arch Ophthalmol—Vol 107, March 1989 


malignant hypopyon.‘ Finally, benign 
intraocular lymphoid proliferations 
have been reported; most have contig- 
uous extrascleral involvement.’ We 
report the case of a patient with wide- 
spread lymphoma whose initial mani- 
festation was a discrete peripapillary 
choroidal mass that simulated the 
clinical and ultrasonographic pattern 
of a uveal melanoma. 


REPORT OF A CASE 


A 74-year-old man was referred with a 
painful left eye and choroidal mass. The 
patient had undergone uncomplicated cat- 
aract extraction in that eye in October 
1986. Three months prior to our examina- 
tion, the patient noted the onset of sharp 
left eye pain, not related to movement, and 
decreased visual acuity. The patient was 
examined on two occasions two weeks 
apart by his referring physician. Growth 
was observed and the patient was referred 
for further management. Medical history 
was positive for biopsy-proved nephrotic 
syndrome and severe chronic obstructive 
pulmonary disease. The patient was receiv- 
ing systemic prednisone, verapamil, and 
furosemide, and was using albuterol inhal- 
ers. Review of systems was positive for 
recent onset of right upper quadrant pain 
without night sweats, lymphadenopathy, 
or weight loss. 

The best visual acuities were 20/30 OD 
and 20/60 OS. Ocular motility and pupil- 
lary reflexes were normal. Slit-lamp bio- 
microscopy yielded abnormal results in the 
right eye for only early lenticular changes; 
the left eye had a posterior chamber 
intraocular lens, flare (1+), rare cell, and 
anterior vitreous cells (2+). The right 
fundus was unremarkable. Examination 
of the left fundus revealed a relatively 
amelanotic tumor that surrounded the 
optic nerve. This mass was approximately 
16 X 10.5 X 6.2 mm in size. Less than one 
quarter of the optic disc was visible and 
there were some small hemorrhages on the 


surface of the tumor without clinical signs 
of a break in Bruch’s membrane (Fig 1). 
There were some overlying drusen but no 
orange pigmentation. An exudative retinal 
detachment involved the inferior half of 
the fundus. 

Fluorescein angiography showed exten- 
sive retinal pigment window defects, areas 
of hyperfluorescence with leakage, but no 
intrinsic tumor circulation. A- and B-scan 
ultrasonography was consistent with a 
uveal melanoma (Figs 2 and 3) with an 
acoustic quiet zone, orbital shadowing, 
choroidal excavation, low to medium 
reflectivity, and spontaneous pulsations. 
The maximum tumor thickness was 6.5 
mm. 

Results of laboratory studies revealed an 
elevated serum lactate dehydrogenase lev- 
el. Computed tomography of the thorax 
and abdomen demonstrated mediastinal 
adenopathy and focal masses in both the 
left kidney and the left lobe of the liver. A 
fine-needle aspiration biopsy specimen of 
the liver under computed tomographic 
guidance demonstrated a poorly differenti- 
ated lymphoma (Fig 4). 

The patient was brought to the operat- 
ing room and placed under general anes- 
thesia. A lumbar puncture and bilateral 
iliac crest bone marrow biopsies were per- 
formed. A conjunctival peritomy was fash- 
ioned and the choroidal tumor was local- 
ized with point source transillumination 
and surface diathermy. A direct trans- 
scleral 25-gauge fine-needle aspiration 
biopsy was performed. Cytopathologic 
findings were diagnostic for a large cell 
lymphoma similar to the abdominal mass 
(Fig 5). Cerebrospinal fluid and bone mar- 
row biopsy specimens did not show any 
tumor cells. The patient began a course of 
radiotherapy at his local medical center 
and died of diffuse lymphoma during his 
initial treatments. Autopsy was refused. 


COMMENT 


It is sometimes difficult to establish 
the correct diagnosis of an atypical 
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uveal tumor.‘ Uveal melanomas usual- 
ly have intrinsic pigmentation, are 
slow growing, and are not associated 
with pain unless the eye harbors a 
large necrotic melanoma that has pro- 
duced both inflammation and glauco- 
ma.’ In our patient, the history of pain 
and rapid enlargement of the tumor 
were atypical for a primary uveal 
melanoma. Clinically significant tu- 


mor enlargement in less than one 
month is not observed in typical pri- 
mary uveal melanomas. Rapid en- 
largement of an intraocular tumor is 
most commonly observed in systemic 
metastases to the choroid, hemor- 
rhagic processes, or in uveal melano- 
mas with simultaneous metastases. 
The clinical, fluorescein angio- 


graphic, and ultrasonographic pattern 





Fig 1.—Clinical photograph demonstrates 16 X 10.5 X 5.2-mm peripapillary mass. 





Fig 2.—B-scan ultrasound showing tumor with acoustic quiet zone and 
choroidal excavation. 
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of our patient was consistent with a 
primary uveal melanoma.’ In a num- 
ber of clinicopathologic reports, simu- 
lating lesions have had noninvasive 
diagnostic findings of a uveal melano- 
ma, and the correct diagnosis was 
only established on histologic exami- 
nation of the enucleated specimen.*” 
In uveal tumors with atypical findings 
that require therapy, fine-needle aspi- 
ration biopsy is an important diagnos- 
tic adjuvant that can establish the 
correct diagnosis without enucle- 
ation.'’*!! In our experience, we have 
not had any false-positive fine-needle 
aspiration biopsy results and less 
than 5% false-negative results.” 
While seeding of a small number of * 
tumor cells in the needle tract can 
occur, there has been no evidence of 
either local or distant tumor dissemi- 
nation in lesions in which biopsies 
were done with a 25- or smaller-gauge 
needle.'? Cytologically, a large cell 
lymphoma has no melanin, and the 
cells are larger than melanoma cells. 
Lymphoglandular bodies (character- 
istic cytoplasmic fragments) are 
present in lymphomas and are not 
seen in melanoma. 

In this patient, biopsy specimens of 
both the abdominal and ocular lesions 


were necessary to establish the cor- , 


rect diagnosis and to choose appropri- 
ate therapy. We were surprised that 
systemic lymphoma was present; 
however, in as many as 12% of prima- 
ry uveal melanomas we have man- 
aged, the patient has had a history of 
another systemic malignant neoplasm 
(unpublished observations). We are 
unaware of other reports of a system- 
ic lymphoma initially presenting in 
the eye as a solitary, focal choroidal 
mass. Usually primary ocular lym- 





Fig 3.—A-scan ultrasound showing medium to low reflective tumor 
approximately 6.5 mm thick. 
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Fig 4.—Fine-needle aspiration biopsy specimen demonstrates large 
_ cell lymphoma in liver (original magnification X 160). 


phomas present with either vitreous 
cells or with yellowish choroidal-reti- 
nal infiltrates. Secondary ocular 
involvement often is manifest in a 
malignant hypopyon that simulates 
an acute granulomatous uveitis. Less 
commonly, the choroid is infiltrated 
contiguous to massive orbital depos- 
it.'* An inflammatory variant, poste- 
rior scleritis with lymphoid infiltra- 
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tion, can simulate a choroidal mass; 
however, the ultrasonographic pat- 
tern is different from a melanoma." 
In this patient, the diagnosis of 
widespread lymphoma that also 
involved the eye resulted in the initia- 
tion of chemotherapy and radiation 
therapy. If the ocular tumor had been 
a melanoma, in a patient with a pain- 
ful eye and a systemic lymphoma, 
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Fig 5.— Ocular fine-needle aspiration biopsy specimen. Cytopathologic 
findings demonstrate large cell lymphoma in choroid (original magnifi- 
cation X 160). 


other treatment could have been con- 
sidered. 


This investigation was supported in part by 
grant EYO 7504 from the National Institutes of 
Health, Bethesda, Md; by American Cancer Soci- 
ety grant PDT-321; and by unrestricted grants 
from That Man May See, the Beal Foundation, 
Midland, Tex, and the Richard and Gail Siegal 
Foundation, New York. 


al: Fine needle aspiration biopsy in the diagnosis 
of intraocular cancer: Cytologic-histologic corre- 
lations. Ophthalmology 1987;92:39-49. 

12. Char DH, Ljung BM, Miller TR: Intraocu- 
lar fine needle biopsy utility and accuracy. Oph- 
thalmology 1987;94(suppl):86. 

13. Glasgow BJ, Brown HA, Zargoza AM, et al: 
Quantitation of tumor seeding from fine needle 
aspiration of ocular melanomas. Am J Ophthal- 
mol 1988;105:538-546. 

14. Karp LA, Zimmerman LE: Intraocular 
involvement in Burkitt’s lymphoma. Arch Oph- 
thalmol 1971;85:295-298. » 

15. Benson WE, Shields JA, Tasman W, et al: 
Posterior scleritis: A cause of diagnostic confu- 
sion. Arch Ophthalmol 1979;97:1482-1486. 


Intraocular Lymphoma—Fredrick et al 397 


ee’ eh a ” . ite 
4. 2 de ae S eee Jae SS 


— 


Ocular Involvement in Epidermolysis Bullosa Acquisita 


Manfred Zierhut, MD; Hans-Jürgen Thiel, MD; Egon G. Weidle, MD; 
Klaus-Peter Steuhl, MD; Karsten Sénnichsen, MD; Gundula Schaumburg-Lever, MD 


@ A 23-year-old man had epidermolysis 
bullosa acquisita that was diagnosed at 
the age of 20 years. The eye examination 
showed bilateral, small subepithelial vesi- 
cles in the cornea. The direct immuno- 
fluorescence microscopic examination of 
the conjunctiva revealed homogeneous, 
linear IgG and fibrinogen deposits in the 
basement membrane area. The same pat- 
tern appeared in the skin biopsy speci- 
men. No systemic disease common to 
epidermolysis bullosa acquisita was 
found in the patient. 

(Arch Ophthalmol 1989;107:398-401) 


[the differential diagnosis of the bul- 

lous dermatoses includes pemphi- 
gus vulgaris, bullous pemphigoid 
(BP), benign mucous membrane pem- 
phigoid, ocular pemphigoid (OP), der- 
matitis herpetiformis (DH) (Duh- 
ring’s disease), linear IgA dermatosis 
(LIgAD), porphyria cutanea tarda, 
and epidermolysis bullosa (EB).' 

Epidermolysis bullosa can be di- 
vided into a hereditary and an 
acquired (acquisita) form.’ The Table 
gives an overview of the hereditary 
epidermolyses. There have been occa- 
sional reports of ocular involvement 
in these forms.*”° 

To our knowledge, EB acquisita 
(EBA) was first described by Fox?! in 
1897 and Kablitz’ in 1904. It was 
confirmed as a separate entity and 
distinguished from BP in 1980 by 
immunoelectron microscopy. Ac- 
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cording to Duke-Elder and Leigh,’ 
there have been numerous descrip- 
tions of ocular involvement in EBA in 
the literature. 

However, Duke-Elder’s classifica- 
tion of EBA as a disease that shows an 
autosomal dominant transmission is 
no longer tenable under the present 
definition of EBA. Thus, Roenigk et 
al** required the following factors for 
the diagnosis of EBA: (1) clinically, 
blisters that are caused by slight trau- 
ma and appear most often at promi- 
nent locations, such as the wrists, 
feet, elbows, and knees, atrophic scars 
with milia, and nail dystrophies; (2) a 
noncontributory family history; and 
(3) the exclusion of other bullous der- 
matoses. 

A review of the literature by Roe- 
nigk et al** in 1971 listed all case 
reports of EBA published since 1941. 
Only 16 cases corresponded to their 
criteria. Publications that had ap- 
peared before 1941 were not evalu- 
ated, since in those days, the neces- 
sary laboratory tests and histopatho- 
logic examinations were either not 
available or not utilized. Although 
Roenigk and colleagues** published 
additional case reports of their own, 
no ocular involvement was found in 
any patient. 

To our knowledge, the first investi- 
gators to report on unmistakable ocu- 
lar involvement in EBA were Richter 
and McNutt (1979), who described 
symblepharon, increased lacrimation, 
and scarring of the lacrimal points. 
Gammon et al (1984) later published 
five case reports, in one of which a 
patient had scarring in the area of the 
conjunctiva tarsi. 


DIAGNOSTIC METHODS 
Direct Immunofluorescence 


Biopsy specimens of skin and conjuncti- 


va were immersed in RPMI 1640 medium 
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Genetic Forms of Epidermolysis Bullosa* 





Location 
of the 
Defect 


Intraepidermal 






Types 









Simple 
Autosomal dominant 
inheritance 
Generalized (Koebner) 
Ogna (Gedde-Dahl) 
Hand and foot 
(Weber-Cockayne) 
Herpetiform 
(Dowling-Meara) 
Mottled pigmentation 
Junctional 
Atrophy and recessive 
inheritance 
Lethal (Herlitz) 
Nonlethal generalized 
Nonlethal localized 
Nonlethal inverse 
Progressive 
Dystrophic 
Scarring and 
recessive 
inheritance 
Generalized 
(Hallopeau- 
Siemens) 
Generalized 
nonmutilating 
Localized 
Inverse 
Scarring and 
autosomal dominant 
inheritance 
Cockayne-Touraine 
Pasini 












Lamina lucida 











Sublamina 
densa 

















* From Pye.50 


and snap frozen at —30°C. Cryostat sec- 
tions (6 um) were cut, stained, washed for 
30 minutes in phosphate buffer (pH 7.1), 
and then incubated for 30 minutes with 
various rabbit antisera (Behring Diagnos- 
tics, La Jolla, Calif) in the following dilu- 
tions: 

(1) anti-human IgA Fab, fragment, 1:20; 
(2) anti-human IgG Fab, fragment, 1:128; 
(3) anti-human IgM Fab, fragment, 1:20; 
(4) anti-human C8c, 1:20; and (5) anti- 
human fibrinogen, 1:20. 
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Fig 1.—Scarred-over blisters on back of hands, with typical milia 


formation. 


All antisera were labeled by fluorescein 
isocyanate conjugate. 

After renewed washing in phosphate 
buffer (30 minutes), the sections were 
immersed in Kaiser’s glycerinated gelatin 
that was mixed (9:1) with phosphate buff- 
er. 

Examination was done with a fluores- 
cence microscope with incident light fluo- 
rescence. 


Immunoelectron Microscopy 


Punch biopsy specimens (6 mm) of skin 
were taken and immediately frozen in liq- 
uid nitrogen. Ten minutes later, 10-um 
sections were cut and mounted on glutaral- 
dehyde-gelatin-coated slides.” The sec- 
tions were fixed for five minutes in peri- 
odate-lysine-paraformaldehyde and rinsed 
in phosphate-buffered saline (PBS). Subse- 
quently, the following incubations were 
carried out: (1) a solution of mouse liver 
powder (Cappel, Cochranville, Pa), 10 mg/ 
L in PBS for 15 minutes”; (2) biotinylated 
protein A, 10 mg/L in PBS for 120 minutes; 
(3) PBS wash; (4) avidin-biotin-peroxidase 
complex (Vector) prepared twice as strong 
as recommended by the manufacturer for 
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Fig 3.—Small, white, subepithelial corneal vesicles. 


90 minutes; (5) PBS wash; (6) diaminoben- 
zidine-hydrogen peroxide for 20 minutes; 
(7) PBS wash (all incubations were carried 
out at room temperature); (8) fixation in 
Karnovsky’s fixative overnight at 4°C; (9) 
wash in cacodylate buffer; (10) postfixa- 
tion in 1% osmium tetroxide for 60 
minutes; (11) PBS wash; (12) dehydration 
in graded alcohols and propylene oxide 
(uranyl acetate was added to the 50% 
alcohol, and a saturated solution was pre- 
pared, centrifuged, and filtered); and (13) 
the sections were embedded in an equal 
mixture of two resins (Epon and Aral- 
dite).” Each section was topped by an 
epoxy resin-filled beam capsule that had 
been polymerized previously (polymeriza- 
tion at 60°C for 20 hours). The embedded 
sections were cooled for 24 to 48 hours. 
Subsequently, the slides were dipped into 
liquid nitrogen, and the sections were sep- 
arated from the glass slide. Each section 
was situated perfectly flat on an epoxy 
resin capsule. Thin sections were made 
with an ultramicrotome (LKB) and exam- 
ined by an electron microscope (Zeiss). The 
following controls were used: (1) The sec- 
tions were immediately fixed in Karnovs- 








ky’s fixative, omitting incubation in either 
biotinylated protein A or avidin-biotin- 
peroxidase complex. (2) Incubation in pro- 
tein A was omitted. 


CLINICAL FINDINGS 


This 23-year-old man had suffered 
for five years from blisters that 
appeared chiefly on his feet and 
elbows. They also appeared on his 
hands shortly after he began work in 
a warehouse. The blisters left scars 
with milia (Fig 1). The fingernails 
exhibited punctate dystrophies (Fig 
2). The appearance of small blisters 
and milia in the oral mucosa 
prompted an examination for ocular 
involvement. 

The patient mentioned a “dry feel- 
ing” in both eyes at the first examina- 
tion in the Tiibingen (Federal Repub- 
lic of Germany) Eye Clinic in Septem- 
ber 1985. Vision was 20/20, but both 
corneas had small subepithelial vesi- 
cles (Fig 3). There were no changes in 
these clinical findings during an 
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Fig 4.—Indirect immunofluorescence micros- 
copy of conjunctiva shows linear IgG stain 
pattern. 


observation period of about one year. 

Direct immunofluorescence exami- 
nations of the skin, conjunctiva, and 
oral mucosa all showed linear IgG 
deposits (Fig 4) and fibrinogen depos- 
its in the basement membrane area. 
Electron microscopy of the conjuncti- 
va (Fig 5) revealed a circumscribed, 
electron-dense band beneath the lami- 
na densa of the basal lamina. Immu- 
noelectron microscopy of the skin (Fig 
6) identified IgG deposits under the 
lamina densa. 

Results of all physical and laborato- 
ry examinations were normal for dia- 
betes mellitus, amyloidosis, enteritis, 
malignant processes, and esophageal 
stenosis, all frequently found in 
EBA.****! The skin inflammation and 
sensitivity subsided under treatment 
with dapsone (diaminodiphenylsul- 
fone).2?? 


COMMENT 


The symptom cluster described here 
is dermatologically typical of EBA. 
These symptoms include blisters that 
form at places subject to concentrated 
mechanical stress” and heal over with 
the formation of milia.” Other bullous 
diseases do not show such preferential 
localizations. For the differential 
diagnosis, the frequently described 
nail alterations’ are likewise an 
important indicator of EBA when a 
blistering dermatosis is present. Pru- 
ritus, often found in BP, LIgAD, and 
DH, and occasionally also in EBA,” 
was absent in our patient. A mucosal 
involvement, eg, of the oral mucosa in 
the form of a desquamating gingivitis, 


Fig 5.—Electron microscopy of conjunctiva shows that circumscribed band beneath lamina 
densa (star) is visible in basal epithelial area of conjunctival epithelium (original magnification 


X42 000). 
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Fig 6.—Immunoelectron skin microscopy revealed deposits of IgG (star) below lamina densa 


(original magnification X 12 000). 


has been described in 50% of 
patients.” It is rare in BP and DH but 
quite common in OP and LIgAD. 

For further differentiation of these 
very similar diseases, the direct 
immunofluorescence method may be 
helpful. To date, IgG has most often 
been found typically in a linear, homo- 
geneous arrangement in BP,* OP,» 
and EBA,” and sometimes together 
with C3, IgM, and IgA in OP and EBA. 
In LIgAD* and DH,” one will most 
often find IgA, usually homogeneous- 
ly linear in LIgAD and granular in 
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DH; however, a report by Livden et 
al also described a granular arrange- 
ment in EBA typically found in lup- 
us erythematosus” or DH.” We did 
not find a previous description of 
an immunofluorescence microscopic 
study of conjunctiva in the litera- 
ture. 

The best way to differentiate the 
chronic bullous dermatoses is to 
determine the localization of the 
immunoglobulins by immunoelectron 
microscopy. In EBA, immunoglobu- 
lins are to be found under the lamina 
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densa,?44 in contrast to BP/OP and 
LIgAD,” where they are found in the 
lamina lucida.* In LIgAD, there is a 
second type that, like DH,“ shows 
immunoglobulins under the lamina 
basalis.” 

Apparently pathognomonic for 
EBA is also an electron-dense, homo- 
geneous, amorphous material under 
the lamina densa. The chemical 
composition of it is unknown.“ Blis- 
ters typically form in the vicinity of or 
within this amorphous material. 
Yaoita et al“ believed that the materi- 
al was deposited or synthesized as a 
product of basal cells that have a 
copious endoplasmatic reticulum at 
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their disposal. Even though the mate- 
rial is amorphous, like the basal lami- 
na, it contains no type IV collagen 
typically demonstrable in the basal 
lamina.“ We were able to identify this 
amorphous material in the conjuncti- 
va of our patient, but not in his skin. 

Woodley and his group* found an 
antigen to basement membrane lami- 
na in the serum of patients with EBA; 
they called it the EBA antigen. Using 
immunoblotting, they discovered two 
polypeptides that, according to their 
description, had molecular weights of 
145 and 290 kd. In a recently published 
study, Stanley et al” isolated an EBA 
antigen expressed on human keratino- 
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Malignant Melanoma of the Iris in 


Xeroderma Pigmentosum 


Mark W. Johnson, MD; Gregory L. Skuta, MD; Marilyn C. Kincaid, MD; Christine C. Nelson, MD; J. Reimer Wolter, MD 


è Xeroderma pigmentosum is an auto- 
somal recessive, precancerous dermato- 
sis caused by defective repair of ultravio- 
let-damaged DNA. Characterized clinical- 
ly by progressive cutaneous pigmentary 
alterations and tumorigenesis, it serves 
as a model for ultraviolet carcinogenesis. 
We describe the clinical and histopatho- 
logic findings in a 31-year-old woman with 
xeroderma pigmentosum and a massive 
iris melanoma of the left eye. Histologic 
examination following enucleation re- 
vealed diffuse iris replacement by spindle 
and epithelioid cells with extension into 
the trabecular meshwork. Evidence of 
direct extraocular extension was absent, 
and a metastatic evaluation showed no 
abnormalities. To our knowledge, this is 
the first reported case of xeroderma pig- 
mentosum complicated by melanoma of 
the iris. It provides further evidence sug- 
gesting a role for sunlight exposure in the 
pathogenesis of uveal melanoma. 

(Arch Ophthalmol 1989; 107:402-407) 


Y erodorma pigmentosum is a rare, 
autosomal recessive disease 
caused by defective repair of DNA 
damaged by ultraviolet (UV) light. It 
is characterized clinically by progres- 
sive cutaneous pigmentation abnor- 
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malities and multiple neoplasms, pri- 
marily on sun-exposed areas. Most 
patients exhibit ocular involvement, 
while neurologic and somatic abnor- 
malities are seen in a smaller sub- 
group of affected individuals. 

Xeroderma pigmentosum was first 
described by Hebra and Kaposi! in 
1874. By 1982, over 830 additional 
cases had been reported in the medi- 
cal literature.’ The disorder occurs in 
approximately one person in 250000 
in the general population’ and has a 
worldwide distribution. With rare 
exceptions, it is inherited as an auto- 
somal recessive trait, and consanguin- 
ity of the parents is a common fea- 
ture. By Kaplan-Meier survival analy- 
sis of published reports, it appears 
that life expectancy in patients with 
xeroderma pigmentosum is reduced 
by approximately 30 years compared 
with the general US population.’ 

In a comprehensive review of the 
literature, Kraemer and associates’ 
found that among patients in whom 
eye findings were reported, ocular 
neoplasms and other ophthalmologic 
abnormalities in xeroderma pigmen- 
tosum were confined almost exclu- 
sively to the conjunctiva, cornea, and 
eyelids. Sparing of the iris, lens, and 
posterior segment was attributed to 
shielding of these structures from UV 
radiation by the eyelids, cornea, and 
lens. We describe the clinical and his- 
topathologic findings in a 31-year-old 
woman with xeroderma pigmentosum 
and a massive iris melanoma of the 
left eye. 


REPORT OF A CASE 


A 3l-year-old woman with xeroderma 
pigmentosum was referred to our institu- 
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tion for evaluation of an inferior iris mass 
in the left eye. The patient reported a 
six-week history of left eye pain and a 
recent darkening in color of the left iris. 
The ocular history was otherwise negative, 
apart from a long-standing history of pho- 
tophobia and occasional conjunctivitis. 

In early infancy, the patient had exhib- 
ited acute sensitivity to sunlight with ery- 
thema and blistering following minimal 
sun exposure. This was followed by freck- 
ling on sun-exposed areas which led to the 
diagnosis by age 3 years of xeroderma 
pigmentosum. Over subsequent years, mul- 
tiple cutaneous neoplasms were excised 
from the face, upper part of the chest, and 
extremities, with histopathologic diagno- 
ses of squamous cell carcinoma, basal cell 
carcinoma, keratoacanthoma, actinic kera- 
tosis, malignant hemangioendothelioma, 
and atypical melanocytic hyperplasia. Five 
primary, superficial spreading malignant 
melanomas had also been excised, most 
recently from the left thigh four years 
previously. There was no known history of 
metastasis from these lesions. 

The neurologic history included retarded 
intellectual development with low intelli- 
gence and recent deterioration in memory, 
hearing, and generalized muscle strength. 

The general physical examination 
revealed a small, cachectic woman with 
widespread cutaneous, darkly pigmented 
maculae, separated by areas of hypopig- 
mentation, with generalized atrophy, dry- 
ness, and a parchmentlike skin texture 
(Fig 1). The skin over the breasts and 
buttocks was involved to a lesser extent. 
The lymph nodes, liver, and spleen were all 
nonpalpable. Neurologic findings included 
slow mentation, slightly dysarthric speech, 
mild dystaxia, and hyporeflexia. 

The best corrected visual acuity was 
20/25 OD and counting fingers at 60 cm in 
the left eye. Both lower lids displayed 
cutaneous pigmented maculae, irregular 
margins, partial loss of lashes, and trichia- 
sis (Fig 2). There was mild bilateral con- 
junctival hyperemia and diffuse superfi- 
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Fig 1.—Left forearm showing irregular pigmented cutaneous maculae 
with intervening hypopigmented patches, xerosis, and generalized 


atrophy. 





Fig 3.—View of right eye showing conjunctival hyperemia, inferior 
corneal inflammatory nodules and neovascularization, and loss of 
pigment over inferior two thirds of iris. 


cial punctate keratopathy, greater inferi- 
orly. Several small anterior stromal nod- 
ules were present in the cornea inferiorly 
in each eye. The right iris showed loss of 
superficial stromal pigment over the infe- 
rior two thirds (Fig 3). 

In the left eye, a large pigmented vascu- 
lar mass filled the anterior chamber inferi- 
orly, replacing the iris from approximately 
the 4-o’clock to 9:30 position and extending 
anteriorly to the corneal endothelium (Fig 
4). Radially, it extended from the anterior 
chamber angle to the pupil, obliterating 
the inferior pupillary margin. A less ele- 
vated portion of the mass was noted from 
the 2- to 4-o’clock position. The entire iris 
was thickened and brown in contrast to the 
blue right iris. There was hemorrhage on 
the iris surface at the margins of the mass. 
The lens was clear. 

The intraocular tension was 17 mm Hg 
OD and 22 mm Hg OS. Results of fundus- 
copic examination were normal in the 
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right eye and severely limited in the left 
eye by the iris tumor. 

An electroencephalogram was normal. 
Computed tomography of the head 
revealed diffuse enlargement of the ventri- 
cles and cerebral sulci, compatible with 
central neuronal atrophy or degeneration 
(Fig 5). A metastatic survey, including 
general physical examination, chest roent- 
genogram, and liver function tests, 
revealed no evidence of metastasis. With a 
clinical diagnosis of iris melanoma, treat- 
ment alternatives were discussed in the 
Multidisciplinary Melanoma Clinic of our 
institution. Examination and B-scan ultra- 
sonography under anesthesia revealed no 
extension of the mass posteriorly. The left 
eye was subsequently enucleated. 


PATHOLOGIC FINDINGS 


The enucleated left eye was routine- 
ly fixed in buffered formaldehyde 
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Fig 2.—Bilateral eyelid changes included freckling, erythema, loss of 
cilia, and irregularity of inferior lid margin. 





Fig 4.—Large iris melanoma and blood obliterating anterior chamber 
inferiorly in left eye. 


solution. Grossly it was of normal size 
and moderately firm, with no tumor 
extension outside the cornea or sclera. 
The iris was thickened and darkly 
pigmented, particularly inferiorly. 
The eye was sectioned horizontally. 


The abnormal findings were con- 
fined to the iris and anterior chamber 
angle. The iris, which was thickened 
to several times normal, was com- 


pletely replaced by a darkly pig- 
mented tumor (Fig 6). It was com- 
posed of spindle and small epithelioid 


cells and showed a brisk mitotic rate 
(Fig 7). The anterior chamber con- 


tained discohesive tumor cells, and 
tumor cells also invaded the trabecu- 
lar meshwork. There was only mini- 
mal extension into the anterior face of 
the ciliary body (Fig 8), and there was 
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no evidence of direct extraocular 
extension. The remainder of the uveal 
tract was normal, as were the retina 
and optic nerve, apart from cystoid 
macular edema. 


COMMENT 


To our knowledge, this is the first 

reported case of xeroderma pigmento- 
sum complicated by melanoma of the 
iris. Histologically, the tumor was 
composed of a mixture of spindle and 
epithelioid cells that replaced the iris 
and obliterated the anterior chamber 
inferiorly. The superior one third of 
the iris was infiltrated with tumor 
cells to a much lesser extent. Tumor 
cells invaded the trabecular mesh- 
work and the ciliary body superficial- 
ly, but there was no evidence of direct 
extraocular extension or distant 
metastases. Cystoid macular edema in 
our patient presumably resulted from 
the same, as yet unknown, pathogenic 
mechanisms causing cystoid macular 
edema in eyes with peripheral choroi- 
dal melanomas.‘ In addition to her iris 
melanoma, our patient demonstrated 
many of the more characteristic clini- 
cal features of xeroderma pigmento- 
sum. 
In 1968, Cleaver‘ reported that cul- 
tured skin fibroblasts from individu- 
als with xeroderma pigmentosum 
were deficient in their ability to 
repair DNA damaged by UV radia- 
tion. One of the most important forms 
of DNA damage occurs when adjacent 
pyrimidine molecules exposed to 
short-wavelength UV light (especially 
280 to 320 nm) fuse together to form 
covalently linked dimers, most com- 
monly thymine dimers.’ Normal DNA 
replication can subsequently take 
place only if such dimers are excised 
and the DNA strand repaired by a 
series of enzymatic reactions.‘ 

In patients with xeroderma pig- 
mentosum, defective repair of UV- 
damaged DNA has been demon- 
strated in epidermal cells, dermal 
fibroblasts, peripheral blood lympho- 
cytes, and conjunctival cells.’ To date, 
the heterogeneity of the genetic defect 
has been demonstrated by cell fusion 
studies with ten different subgroups 
called complementation groups.’ Nine 
complementation groups are deficient 
in excision repair (xeroderma pigmen- 
tosum groups A through I), while one 
group exhibits defective postreplica- 
tion repair (xeroderma pigmentosum 
variant). 

Although, to our knowledge, the 
precise mechanisms by which DNA 
damage leads to tumor formation are 
unknown, it is probable that the clini- 
cal manifestations of xeroderma pig- 
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Fig 5.—Computed tomographic scan of head demonstrates enlargement of ventricles and sulci 
consistent with diffuse neuronal atrophy. 


mentosum are explained by the defect 
in DNA repair. In vitro studies of 
xeroderma pigmentosum cells have 
shown them to be hypersensitive to 
both the mutagenic and cytotoxic 
effects of UV light and certain chemi- 
cal carcinogens.*"’ It is plausible, then, 
that the increased rate of chromosom- 
al mutation and cell death in these 
patients results from an excess of 
unrepaired DNA damage and leads to 
their neoplastic and atrophic clinical 
abnormalities.*'° 

The initial manifestation of the dis- 
ease typically is acute sun sensitivity 
between 1 and 2 years of age, mani- 
fested by erythema and blistering 
after minimal exposure to sunlight. 
This is followed by extensive freckling 
on sun-exposed skin with xerosis, tel- 
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angiectasia, atrophy, and hypopig- ~ 


mented spots interspersed between 
the freckles. There is evidence that 
the cutaneous freckles and hypopig- 
mented spots represent clones of indi- 
vidual melanocytes altered by muta- 
tions induced by UV light.’ Patients 
subsequently develop progressive ac- 
tinic keratoses, hyperkeratotic pap- 
ules, and multiple cutaneous neo- 
plasms by a median age of 8 years. 
Basal and squamous cell carcinomas 
occur most often, followed by malig- 
nant melanomas and a variety of oth- 
er neoplasms, including keratoacan- 
thomas, angiomas, fibromas, and xan- 
thomas. These tumors are clinically 
and pathologically indistinguishable 
from those in normal individuals and 
occur with the same relative frequen- 
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Fig 6.—Iris stroma temporally is entirely replaced and massively thickened by melanotic tumor. A 





few clumps of cells are free in anterior chamber (hematoxylin-eosin, original magnification 


X25). 
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Fig 7.—Melanoma cells are mixture of spindle and small discohesive epithelioid cells. Arrow 
indicates abnormal mitotic figure (hematoxylin-eosin, original magnification X500). 


cy, but at a rate estimated to be 2000 
times that expected in the general 
population.*” 

Neurologic abnormalities occur in 
at least 18%? of patients with xeroder- 
ma pigmentosum and include low 
intelligence, emotional lability, ab- 
normal motor activity, microcephaly, 
hyporeflexia, sensorineural deafness, 
progressive mental deterioration, 
electroencephalographic abnormali- 
ties, and loss of neuronal mass at 
autopsy.’ Some patients with neuro- 
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logic deficits also have somatic abnor- 
malities, including slow rate of 
growth and delayed or absent second- 
ary sexual development. A variety of 
other rare clinical features associated 
with xeroderma pigmentosum have 
been summarized by Kraemer and 
associates.” 

The ophthalmologic manifestations 
of xeroderma pigmentosum are com- 
mon and well described.**”!°** Ocular 
findings are present in as many as 
85% to 90% of patients in some large 
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series.!!!? Among reports in which the 
age of onset of ophthalmic manifesta- 
tions was stated, the median age was 4 
years.’ In rare patients, ocular malig- 
nant neoplasms in xeroderma pig- 
mentosum may precede prominent 
skin changes.” 

Ophthalmic complications of xero- 
derma pigmentosum are generally 
confined to the lids, conjunctiva, and 
cornea with few reports of intraocular 
involvement.? Photophobia is an 
almost universal early symptom. The 
eyelids, especially the lower lid, show 
the general cutaneous changes char- 
acteristic of the disease. Because of 
the thinness of the lid, progressive 
atrophy may lead to entropion, ectro- 
pion, loss of cilia, and even loss of the 
entire lower lid. Blepharitis, lacrima- 
tion, and blepharospasm are addition- 
al eyelid manifestations of the disor- 
der. 

Conjunctival involvement includes 
hyperemia, serous or mucopurulent 
discharge, hyperpigmentation, telan- 
giectasia, xerosis, keratinization, 
symblepharon, inflammatory nodules, 
pingueculae and pseudopterygia, and 
malignant neoplasms. These changes 
are most prominent in the sun- 
exposed interpalpebral fissure.” 

The cornea in xeroderma pigmento- 
sum is subject to keratoconjunctivitis 
sicca, exposure keratitis, edema, cellu- 
lar infiltration, bandlike nodules, vas- 
cularization, scarring, and even ulcer- 
ation resulting in perforation. Ocular 
surface neoplasms, including squa- 
mous and basal cell carcinoma and 
melanoma, occur with a predilection 
for the limbal area.’ 

Iris involvement is uncommon. It 
includes stromal atrophy, especially 
of the inferior half,'? pigment altera- 
tions, and iritis. The posterior seg- 
ment is generally considered to be free 
of complications in xeroderma pig- 
mentosum’; however, at least two 
eases of choroidal melanoma have 
been reported.” 

It is possible that the iris melanoma 
in our patient represents a metastatic 
focus of primary cutaneous melano- 
ma. In general, features that suggest 
metastasis include bilateral foci and 
multiple uveal and extrauveal foci.?”* 
In one case report of apparently soli- 
tary metastasis to the iris, a second 
ciliary body tumor was seen when the 
iris lesion was excised.” Our patient 
had a massive iris tumor but no other 
clinical or microscopic evidence of 
ocular or visceral melanoma. Al- 
though this suggests a primary 
tumor, it is not possible to rule out 
metastatic disease purely on the basis 
of histologic findings. In this disease, 
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Fig 8.—Higher-power view of iris root nasally shows diffuse involvement of iris, but ciliary body is 
essentially free of tumor. Trabecular meshwork contains tumor cells (hematoxylin-eosin, original 


magnification X25). 


in which defective DNA repair affects 
all sun-exposed tissue, separate pri- 
mary tumors or aggressive, metasta- 
sizing melanomas may be equally 
plausible. 

Several authors have suggested 
that intraocular structures are pro- 
tected from the carcinogenic effects of 
short-wavelength UV radiation by 
corneal and lenticular absorption.?’”° 
In animal studies, UV wavelengths 
from 280 to 320 nm have been shown 
to have the maximum carcinogenic 
effect.’ Although the normal human 
cornea is virtually opaque to electro- 
magnetic radiation with wavelengths 
of less than 300 nm, it readily trans- 
mits UV light longer than 300 nm,” 
exposing the inferior iris to a portion 
of the carcinogenic action spectrum. 
The superior one third of the iris is 
generally shielded by the upper lid. 

In adults, the crystalline lens allows 
only a small fraction of near-UV radi- 
ation (300 to 400 nm) to reach the 
fundus. In children younger than 10 
years of age, however, as much as 75% 
of near-UV light is transmitted by the 
lens to the posterior segment.” 

The cause of cutaneous and uveal 
melanoma is unknown and probably 
multifactorial. There is strong evi- 
dence suggesting a causative role for 
sunlight exposure in cutaneous mela- 
noma.” Although cutaneous and uveal 
melanoma share a common cell of 
origin, the role of UV light is not as 
clear-cut for intraocular melanoma. 
Egan and associates* have recently 
reviewed the epidemiologic evidence 
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in favor of, and against, a role for sun 
exposure in the pathogenesis of uveal 
melanoma. Unlike cutaneous melano- 
ma, no marked latitudinal gradient 
has been demonstrated for uveal mel- 
anoma, and incidence rates for uveal 
melanoma have remained stable over 
the last several decades. However, evi- 
dence implicating sunlight as a caus- 
ative factor in uveal melanoma 
includes its rarity among nonwhite 
races, a higher incidence in individu- 
als with light irides, and the well- 
documented tendency for iris melano- 
mas to arise from the inferior, sun- 
exposed iris. Shields* has suggested 
that primary iris melanomas are so 
rare superiorly that one should view a 
diagnosis of superior iris melanoma 
with skepticism. 

Two recent case-control studies 
investigating the question of sun 
exposure as a risk factor for uveal 
melanoma reported conflicting re- 
sults.***’ The larger of these studies% 
suggested a role for intermittent, 
intense sunlight exposure early in life. 
Similarly, in a case-control study 
recently reported by Seddon and 
coworkers,* exposure to sunlight 
before the age of 20 years was among 
the factors found to increase the risk 
of posterior uveal melanoma. 

Since patients with xeroderma pig- 
mentosum are hypersensitive to the 
carcinogenic effects of UV radiation, 
the high incidence of cutaneous mela- 
noma in these patients is taken as 
evidence implicating solar exposure as 
a causative factor.°*'** If UV light 
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induces uveal melanoma, one would 
likewise expect an increased incidence 
of these tumors among patients with 
xeroderma pigmentosum. To our 
knowledge, reliable incidence figures 
for uveal melanoma in this disease are 
not currently available. 

Including our patient, we know of 
three patients with uveal melanoma 
among the approximately 830 patients 
with xeroderma pigmentosum de- 
scribed in the literature. We cal- 
culate that this represents at least 23 
times the expected number of cases, 
assuming ideal follow-up of all 
patients with xeroderma pigmento- 
sum to the age of 40 years and using 
an annual uveal melanoma incidences 
rate (for the 30- to 50-year age range) 
of four per million general popula- 
tion.” Although no statistical signifi- 
cance can be attached to this observa- 
tion, it is almost certainly a substan- 
tial underestimation of the true 
amount with which the observed fre- 
quency exceeds the expected, given 
that the follow-up of all reported 
cases was less than 40 years, and that 
the annual incidence rate used is 
probably a vast overestimate for the 
0- to 40-year age range. 

In summary, our patient had prom- 


inent bilateral changes of the sun- + 


exposed ocular structures that sug- 
gested actinic tissue damage. These 
changes included eyelid freckling. 
inferior lid margin atrophy and ery- 
thema, inferior corneal inflammatory 
nodules and vascularization, and infe- 
rior iris pigmentation changes in the 
fellow eye. We believe that the occur- 
rence of malignant melanoma on the 
inferior, sun-exposed iris, together 
with this striking bilateral pattern of 
actinic damage in a patient with 
xeroderma pigmentosum, adds to the 
evidence implicating UV light as a 


possible causative factor in uveal mel- - 


anoma. 


David C. Musch, MPH, PhD, Department of 
Ophthalmology, University of Michigan, Ann 
Arbor, provided epidemiologic consultation. 
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Laboratory Sciences 


Dextromethorphan Protects Retina Against 


_ Ischemic Injury In Vivo 


Young Hee Yoon, MD, Michael F. Marmor, MD 


è Retinal ischemia was induced in rab- 
bits by increasing intraocular pressure 
above systolic blood pressure for 60 or 
75 minutes, and retinal function was mon- 
itored by electroretinography. Pretreat- 
ment with intravenous dextromethorphan, 
a nonprescription antitussive and selec- 
tive antagonist of N-methyl-p-aspartate 
receptors, enhanced greatly the post- 
ischemic recovery of b-wave amplitude. 
Dextromethorphan may prove to be useful 
Clinically in the management of retinal 
ischemic disease. 

(Arch Ophthalmol 1989; 107:409-411) 


eurotoxicity by endogenous excit- 

atory amino acids such as gluta- 
mate has been implicated as a mecha- 
nism for central neuronal cell loss 
after hypoxia and ischemia.'’ Both 
blockage of synaptic transmission and 
antagonism of specific postsynaptic 
glutamate receptors (especially the N- 
methyl-D-aspartate [NMDA] sub- 
class} can be protective. For example, 
dextromethorphan, a nonprescription 
oral antitussive drug and a potent 
NMDA receptor antagonist,’ has been 
reported to protect against hypoxic- 
ischemic damage in animal models of 
brain injury.°* Herein we present evi- 
dence that dextromethorphan can 
protect against retinal ischemia in the 
intact animal, a result that has impor- 
tant clinical implications. The retina 
is a favorable model for these studies 
because excitatory amino acid recep- 
tors are widely distributed in the ver- 
tebrate retina’ and its functional sta- 
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tus can be monitored continuously 
with the electroretinogram (ERG). 


MATERIALS AND METHODS 


Experiments were performed on 26 pig- 
mented Dutch rabbits. Animals weighing 
1.7 to 2 kg were sedated with acepromazine 
maleate (3 mg) and deeply anesthetized 
with intraperitoneal urethane (2 g) and 
intramuscular xylazine hydrochloride (4 g) 
in accordance with institutional guide- 
lines. The pupils were dilated with 1% 
atropine sulfate and 10% phenylephrine 
hydrochloride. 

After an initial 40-minute period of dark 
adaptation to obtain control ERG values, 
the lights were turned on to cannulate the 
anterior chamber of one eye with a hepa- 
rinized silicone elastomer (Silastic) tube so 
that intraocular pressure (IOP) could be 
controlled by adjusting the height of an 
attached saline solution reservoir. An 
intravenous infusion was started of either 
0.4% dextromethorphan hydrobromide 
(Sigma Chemical Co, St Louis, Mo) dis- 
solved in normal saline solution or an 
equivalent volume of normal saline solu- 
tion and the room was darkened once 


_again. The dextromethorphan hydrobro- 


mide was given as a loading dose of 40 mg 
over 30 minutes, followed by 20 mg/h, a 
rate that was maintained throughout the 
period of ischemia and for four hours 
afterward. The animal’s condition was 
allowed to stabilize in the dark again for 40 
minutes after anterior chamber cannula- 
tion and the start of the dextromethor- 
phan or saline solution infusion, after 
which the IOP was raised rapidly to 130 
mm Hg, where it was maintained for 45, 60, 
or 75 minutes; at this IOP, fundus vessels 
were observed to be blanched. Normal IOP 
was restored to allow the return of circula- 
tion. 

Scotopic ERGs were recorded at inter- 
vals from both eyes simultaneously begin- 
ning before cannulation of the anterior 
chamber. Light flashes for ERGs were 
produced by two photostimulators placed 
15 cm in front of each eye and used at the 
highest intensity setting. Monopolar ERG 


jet electrodes (Universe SA, La Chaus- 
de-Fonds, Switzerland) were placed on 
each cornea and a silver wire in the con- 
junctival cul de sac served as a reference; 
the signals were differentially amplified 
and displayed on a storage oscilloscope. 
Some animals were reexamined 1 day or 1 
week after ischemia with ERG recordings 
made under anesthesia after 40 minutes of 
dark adaptation. 

For histologic study, enucleated eyes 
were rapidly cut open and fixed in 1% 
paraformaldehyde plus 1.25% glutaralde- 
hyde in cacodylate buffer, followed by 
postfixation in 2% osmium tetroxide. 
Blocks of retina were embedded in epoxy 
resin, from which l-um sections were cut 
and stained with 1% toluidine blue in 1% 
borax. 


RESULTS 


Control ERGs made both before 
and after cannulation of the anterior 
chamber showed the signals to be 
stable over time and essentially equal 
between cannulated and fellow eyes. 
Ocular ischemia (ie, elevation of the 
IOP) caused disappearance of the 
ERG response within 10 minutes in 
every experiment, and there was no 
apparent difference between eyes in 
the rate at which the ERG response 
disappeared from dextromethorphan- 
treated and untreated (saline solu- 
tion) animals. Fellow eyes (noncannu- 
lated) showed no ERG variation dur- 
ing ischemia of the cannulated eyes 
(Fig 1). 

When ocular perfusion was re- 
stored, the ERG response began to 
reappear within approximately 10 
minutes. After 60 minutes of isch- 
emia, the ERG b-wave of dextrome- 
thorphan-treated eyes recovered 95% 
of its preischemic amplitude within 4 
hours, whereas the b-wave of 
untreated eyes reached only 40% to 
45% of the preischemic amplitude 


— 
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(Figs 1 and 2, left). After 75 minutes 
of ischemia (Fig 2, right), the recovery 
was slower and less complete in eyes 
from both dextromethorphan-treated 
and untreated animals. However, the 
dextromethorphan-treated eyes still 
showed better results (approximately 
60% recovery of b-wave amplitude in 
4 hours) compared with the untreated 
eyes (approximately 30% recovery). 
These differences between dextrome- 
thorphan-treated and untreated eyes 
persisted at 1 day and 1 week after 
ischemia. 

The b-wave time to peak was some- 
what prolonged in dextromethor- 
phan-treated eyes within 4 hours 
after the release of ischemia, even 
though the amplitude had recovered 
(Fig 1); the timing usually returned to 
normal by 24 hours and was always 
normal after 1 week. The behavior of 
the a-wave was generally similar to 
that of the b-wave under the various 
conditions of ischemia and dextrome- 
thorphan treatment. However, vari- 
ability and the small size of the 
response among animals made statis- 
tical analysis unsatisfactory. 

To corroborate these physiologic 
results, histological examination was 
performed on selected eyes after the 
restoration of circulation. Two retinas 
from untreated (control) animals 
examined 1 week after 60 minutes of 
ischemia showed substantial damage 
(Fig 3), including disruption of the 
photoreceptor outer segments and cel- 
lular loss with edema in the nuclear 
layers. These changes were lacking in 
two eyes treated with dextromethor- 
phan before the same ischemic insult. 


Five retinas examined 2 hours after 45 
minutes of ischemia showed variable 
degrees of cell swelling and disrup- 
tion, most prominently in the inner 
nuclear layer, but also in the photore- 
ceptor layer. Five eyes given dextro- 
methorphan before 45 minutes of is- 
chemia showed minimal or no damage 
2 hours later. 


COMMENT 


In vitro injury to chick embryo reti- 
nas by excitatory amino acids or anox- 
ia can be prevented by NMDA antago- 
nists.’ Our data indicate that dex- 
tromethorphan given before ischemia 
can protect retinal tissue in vivo from 
the development of ischemic damage, 


Control 
Untreated 


and suggest that neuroexcitation at 
the NMDA receptor may be involved 
in the process of ischemic retinal 
damage under clinical conditions. We 
selected ischemic durations of 60 and 
75 minutes because other research- 
ers'*” have observed total recovery 
after 30 to 40 minutes of retinal ische- 
mia in the rabbit, whereas 90 to 120 
minutes of ischemia may not be 
reversible by any means. 

Even though b-wave amplitude was 
largely recovered within 4 hours of 
reperfusion in dextromethorphan- 
protected eyes, the time to peak was 
prolonged relative to the control 
responses. This suggests that a degree 
of cellular injury was still present } 
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Fig 1.—Representative electroretinogram (ERG) b-waves before, during, and after 60 minutes of 
induced ocular ischemia. A noncannulated fellow eye (left) shows no changes in the ERG. The 
ERG was rapidly extinguished during ischemia, but after circulation was restored, the dextro- 
methorphan-treated eye shows nearly complete recovery of b-wave amplitude while the untreated 


eye remains functionally impaired. 


Fig 2.—Dextromethorphan’s effects on the recovery of electroretinogram b-wave after ischemia. The b-wave amplitude is 
shown as a percentage of the last preischemic value. Each point between 0 and 240 minutes (with one exception) represents 
the mean (+ SEM) value from four to six eyes; the 24-hour and 1-week points represent two to four eyes; asterisks indicate a 
statistically significant difference (P < .01 by t test) between dextromethorphan and untreated values. Left, Results after 60 
minutes of ischemia. Right, Results after 75 minutes of ischemia. 
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that resolved during the next few 
days. 

The mechanism of excitotoxic inju- 
ry might seem applicable only to inner 
retinal neurons, which have synaptic 
connections. However, both our histo- 
logic and electrophysiologic data indi- 
cate that photoreceptors as well as 
inner retinal elements are protected 
from ischemic injury by dextro- 
methorphan treatment. This may 
occur because excitotoxic synaptic 
connections also impinge on the 
photoreceptors," or through other 
mechanisms by which photoreceptors 


or the retinal pigment epithelium ~ 


show sensitivity to excitotoxic amino 


 acids.* Once released by damaged 


neurons, of course, these substances 
can easily reach the outer segment 
region by diffusion. From a clinical 
standpoint, these observations en- 
large the category of diseases that 
may benefit from NMDA receptor 
antagonism. 

Excitatory neuronal damage seems 
to involve both cellular swelling (as a 
result of depolarization, ionic influx, 
and water entry) and cellular necrosis 
(as a result of calcium influx and 
enzymatic lysis).! Dextromethorphan 
is not the most potent NMDA antago- 
nist, but it has particular interest 
from a clinical standpoint because the 
drug has been used safely in hu- 
mans. 

Although we are a long way from 
considering the use of dextromethor- 
phan for ocular disease in humans, 
results of the present study raise 
intriguing possibilities for the man- 
agement of ischemic ocular disease. In 
certain conditions, such as central ret- 
inal artery or vein occlusion, there is 
severe immediate ischemic damage, 
and NMDA receptor antagonists may 
be of value in minimizing the extent of 
retinal damage or in hastening the 
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Fig 3.—Histologic specimens of the posterior rabbit retina 1 week after a 60-minute period of 
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ischemia (toluidine blue; magnification bar, 20 um). Left, Retina from an animal pretreated with 
normal saline solution. Photoreceptor outer segments are severely damaged and there is cell loss 
in the nuclear layers. Right, Retina from an animal pretreated with dextromethorphan. The cellular 


changes are minimal. 


recovery of injured retinal neurons. 
There are also ocular conditions in 
which a chronic ischemic state devel- 
ops, such as diabetic retinopathy, 
radiation retinopathy, and after dam- 
age from vein occlusion. These condi- 
tions are destructive not only because 
of direct functional loss but because 
chronic ischemia may stimulate new 
vessel growth that causes secondary 
hemorrhage, retinal detachment, and 
glaucoma. If NMDA receptor antago- 
nists can slow the rate of retinal cell 
loss or alter the responsiveness of the 
cells that stimulate neovasculariza- 
tion, they could mitigate the effects of 
some of the more devastating causes 
of blindness in our society. 

Our results show that pretreatment 
with an NMDA receptor antagonist 
can be effective against retinal ische- 
mia in the intact animal, and that 
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NMDA receptor antagonists will not 
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Adenosine and Its Agonists Cause 


Retinal Vasodilation and Hemorrhages 


Implications for Ischemic Retinopathies 


Peter A. Campochiaro, MD, Harsha A. Sen, MD 


@ Animals were given a 0.1-mL intravi- 
treous injection of various agents and 
followed up with frequent ophthalmo- 
scopic examinations. Fundus photo- 
graphs were performed before injection 
and at six and 24 hours after injection. 
Vascular caliber was assessed by a previ- 
ously described technique of performing 
measurements on fundus photographs 
taken and projected in a standardized 
fashion. No significant vascular dilation 
was identified for vehicle alone, carba- 
chol, histamine, isoproterenol hydrochlo- 
ride, or bradykinin. Mild dilation within 
one hour, but not persisting for 24 hours, 
was noted for dibutyryl cyclic adenosine 
monophosphate. Prominent dilation with- 
in one hour, becoming maximal by five 
hours but not persisting for 24 hours, was 
noted for adenosine, dipyridamole, and 
sodium nitroprusside. The adenosine- 
induced vasodilation was effectively 
blocked by an adenosine receptor antag- 
onist, BW-A1433U. MNethylcarboxami- 
doadenosine (NECA), a nonspecific aden- 
osine selective agonist, was a much more 
potent vasodilator than two relatively 
selective A, adenosine agonists, N°*-cy- 
clopentyladenosine and WN°*-phenyliso- 
propyladenosine, suggesting that A, 
receptors are involved. The vascular dila- 
tion caused by adenosine, dipyridamole, 
and particularly NECA, but not nitroprus- 
side or dibutyryl cyclic adenosine 
monophosphate, was accompanied by 
retinal hemorrhages, producing a picture 
reminiscent of some features of ischemic 
retinopathies. This study suggests that 
adenosine may be an important mediator 
of vasodilation, and therefore blood flow, 
in the retina. 

(Arch Ophthalmol 1989;107:412-416) 


pae retina is an organ with high 

metabolic activity that has little 
tolerance for alterations in oxygen 
and nutrient supply. Due to its electri- 


Accepted for publication Oct 3, 1988. 

From the Department of Ophthalmology, Uni- 
versity of Virginia School of Medicine, Char- 
lottesville. 

Reprint requests to Department of Ophthal- 
mology, University of Virginia School of Medi- 
cine, Box 475, Charlottesville, VA 22908 (Dr 
Campochiaro). 


412 Arch Ophthalmol—Vol 107, March 1989 


cal activity, it is also poorly tolerant 
of changes in extracellular fluid and 
ion concentrations. In addition, it 
operates in a closed chamber whose 
pressure can vary independently of 
systemic blood pressure. As a result, 
the retinal vascular bed is highly spe- 
cialized when compared with other 
vascular beds of the body. It has fea- 
tures not seen in most organs, such as 
tight junctions occurring between 
vascular endothelial cells comprising 
the inner blood-retinal barrier. It also 
has a finely tuned system of autoregu- 
lation.'’ Therefore, physiologic char- 
acteristics of other vascular beds 
should be applied to the retinal vascu- 
lature with great caution and only 
after appropriate investigation. This 
study was designed to examine the 
effect on retinal vessels of several 
agents known to act as vasodilators in 
other vascular beds. 


MATERIALS AND METHODS 


Concentrated stock solutions of drugs 
were made in sterile saline or dimethyl- 
sulfoxide (DMSO), depending on solubility 
characteristics, filter-sterilized, and then 
diluted to desired concentrations with 
sterile saline. Control vehicle injections 
were made with saline and 1% DMSO 
diluted with saline. 


Pigmented rabbits were anesthetized 
with 5 mg/kg of xylazine hydrochloride 
and 25 mg/kg of ketamine hydrochloride, 
and pupils were dilated with 2.5% phenyl- 
ephrine hydrochloride drops. Fundus pho- 
tographs were taken before intravitreous 
injections. For injections, a 30-gauge nee- 
dle was inserted 3.0 mm posterior to the 
limbus, and while visualizing the tip with 
an indirect ophthalmoscope, 0.1 mL of 
vehicle or test drug was injected slowly 
into the center of the vitreous cavity. Ini- 
tially, ophthalmoscopic examinations were 
performed every hour after injection to 
establish the time course of observed 
changes. Fundus photographs were taken 
six and 24 hours after injections. All pho- 
tographs were taken with a fundus camera 
by the same photographer using the same 
parameters, and four or five shots were 
taken of each eye at each time point. Both 
monochromatic and color film were used 
initially, but vessel measurements were 
found to be reproducible and technically 
easier with color slides; therefore, they 
were used for all reported measurements. 

Vessel measurements were made by a 
modification of a previously described 
technique’ using a standardized method of 
projection for all transparencies. In addi- 
tion, all preinjection and postinjection 
measurements were made at the same time 
by the same observer masked with respect 
to the injected drug. At least three well- 
focused fundus photographs at each time 
point were required. All measurements 


Table 1.—The Effect of Intravitreous Injection of Various Putative 





Vasodilating Agents on Retinal Vein Diameter * 
Percentage Increase in Vein Diameter 


6 h After Injection 24 h After Injection 
Saline 0.6 + 1.0 0.1 = 67 


1% DMSO =0S E 1S 0.2 + 1.0 


Adenosine 1072 mol/L 43.8 + 5.6t 1.6 + 3.4 


Agent 


Dipyridamole 1073 mol/L 36.9 + 5.2ł 3.9 + 1.8 
Carbachol 1072 mol/L 0.7 + 1.3 —0.2 + 1.4 


Histamine 107? mol/L 1.5+ 4.9 —0.6 + 1.6 


Isoproterenol hydrochloride 107? 
mol/L =—0.1 = 2.2 =—3.0 + 1.2 


Bradykinin 1072 mol/L 3.1+ 3.6 0.3 + 2.2 


Dibutyryl cAMP 1072 mol/L 20.4 + 3.1t —1.2 + 0.2 


Sodium nitroprusside 1073 


mol/L 40.5 + 5.6f 


* Vein diameter measurements were made as detailed in ‘‘Materials and Methods” section six and 24 hours 
after intravitreous injection of each agent. Each value represents the mean + SEM generated from 
measurements in three rabbits. Statistical comparisons are made with saline control for all drugs except 
dipyridamole, for which the appropriate control is 1% dimethylsulfoxide (DMSO). cAMP indicates cyclic 
adenosine monophosphate. 

tP < .005 by Student's unpaired t test. 
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were made on large retinal veins because 
they were easy to identify, fairly consistent 
in baseline diameters, and presented the 
least amount of technical difficulty. Two 
measurement locations were selected with- 
in a few millimeters from the disc margin, 
noting two clear landmarks (distance from 
branch points, disc margin, or both) so that 
measurements for each eye were made at 
precisely the same two locations. With a 
caliper, vein diameters were recorded from 
at least three photographs and were used 
to generate a mean value at each measure- 
ment location for each time point. Percent- 
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age change in vein diameter was calculated 
by the following formula: ([postinjection 
diameter — preinjection diameter |/prein- 
jection diameter) X 100. The mean of the 
two measurement locations for each time 
point was taken as one experimental val- 
ue. 

Additional qualitative evaluations were 
performed using cats or marmosets in- 
stead of rabbits. 


RESULTS 


In preliminary experiments, rabbits 
were given intravitreous injections of 


one of several vasoactive substances 
and followed up by hourly ophthalmo- 
scopic examinations. With subjective 
assessment of vascular dilation, it was 
noted that adenosine and a few other 
drugs caused detectable dilation one 
hour after injection that peaked at 
four to five hours and decreased after 
nine hours. It was therefore decided to 
perform quantitative assessment of 
vascular dilation at six and 24 hours 
after injection. 

Measurements of retinal vein diam- 





Fig 1.—Effect of intravitreous injection of adenosine 107° mol/L (left row), N-ethylcarboxami- 
doadenosine 10-7? mol/L (center row), or 1% dimethylsulfoxide (right row) in rabbits. Top row, 
Appearance of fundi before injection. Center row, Appearance of fundi six hours after injections. 
Bottom row (left only), Hemorrhages at edge of myelinated streak six hours after adenosine 


injection. 
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Table 2.— The Effect of Adenosine 
Agonists on Retinal Vein Diameter * 


Percentage Increase 
in Vein Diameter 


6h 24h 
After After 
Injection Injection 


DMSO control 1.2 + 0.4 0.4 4 0.8 


Adenosine, 
2.8t 


NECA, mol/L 
1073 
1074 
1075 

CPA, mol/L 
1073 
1074 
1075 

PIA, mol/L 
1078 
1074 
1075 





*Vein diameter measurements were made as 
detailed in “Materials and Methods” section six and 
24 hours after intravitreous injection of each agent 
(NECA indicates N-ethylcarboxamidoadenosine; 
CPA, N®-cyclopentyladenosine; and PIA, N®-phenyli- 
sopropyladenosine). Each value represents the 
mean + SEM generated from measurements in at 
least three rabbits. Statistical comparisons were 
made with 1% dimethylsulfoxide (DMSO) controls. 

tP < .005 by Student’s unpaired t test. 

+P < .0005 by Student’s unpaired ż test. 

§P < .025 by Student’s unpaired t test. 

||P < .05 by Student’s unpaired t test. 


eters were performed as noted in the 
“Materials and Methods” section and 
were found to be reproducible as 
judged by close agreement of general- 
ly within 5% between measurements 
made on multiple photographs taken 
at the same time points. Eyes given an 
intravitreous injection of saline or 
DMSO diluted with saline had essen- 
tially no change in vessel diameter at 
six and 24 hours after injection (Table 
1, Fig 1). This was also true for carba- 
chol, isoproterenol hydrochloride, his- 
tamine, and bradykinin (Table 1). 
Dibutyryl cyclic adenosine monopho- 
sphate (cAMP) caused mild dilation 
six hours after injection that com- 
pletely resolved by 24 hours (Table 1). 
The most effective relatively short- 
acting dilating agents were adenosine, 
dipyridamole, and sodium nitroprus- 
side, which caused prominent dilation 
at six hours that resolved by 24 hours. 
The maximum biologic effect was in 
the range of a 40% increase in vessel 
diameter (Tables 1 and 2). Differences 
between the agents, however, were 
noted. The vasodilation caused by 
adenosine and dipyridamole was 
sometimes accompanied by small sub- 
hyaloid and intraretinal hemorrhages 
(Fig 1). Hemorrhages were never 
noted in eyes injected with nitroprus- 
side, but at 10-? mol/L and occasional- 
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Fig 2.—Effect of BW-A1433U on adenosine-induced vasodilation and hemorrhage in rabbits. Top 
left, Fundus photograph six hours after intravitreous injection of adenosine 10~* mol/L in control 
animal. Top right, Preinjection photograph in separate experimental animal. Bottom left, Fundus 
photograph of same eye shown at top right six hours after coinjection of adenosine 107? mol/L 
and BW-A1433U 107° mol/L. Bottom right, Retinal vein diameters six hours after injection of 
adenosine 10°? mol/L or adenosine 107? mol/L coinjected with BW-A1433U 107° mol/L 
(8-phenylxanthine derivative). Bars represent the means + SEMs from measurements in three 
eyes. Difference between means is significant to P < .005 level by Student’s unpaired t test. 


ly at 10™° mol/L, it caused areas of 
retinal whitening that were not seen 
in eyes injected with adenosine or 
dipyridamole. More prominent hem- 
orrhages appeared in eyes injected 
with a combination of adenosine and 
dipyridamole than with either agent 
alone. 

BW-A1483U is an 8-phenylxanthine 
derivative that is a potent adenosine 
receptor antagonist.’ When coinjected 
with adenosine, it effectively blocks 
retinal vasodilation and hemorrhages 
(Fig 2). 5’-N-ethylearboxamidoadeno- 
sine (NECA) is a nonspecific adeno- 
Sine agonist, and N*-cyclopentylade- 
nosine (CPA) and N*-phenylisopro- 
pyladenosine (PIA) are relatively 
specific A, adenosine agonists.*'° 
Their relative potency in producing an 
adenosine response is a useful way to 
determine whether it is mediated by 
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A, and A, receptors.” The relative 
order of potency in producing retinal 
vasodilation and hemorrhages was 
NECA much greater than PIA greater 
than CPA (Fig 1, Table 2). The NECA 
also produced more frequent and 
more extensive hemorrhages than 
were seen with adenosine or dipyrida- 
mole. While the hemorrhages induced 
by the other agents generally 
decreased between six and 24 hours, 
NECA-induced hemorrhages were 
usually greater at 24 hours (Fig 3). 
Similar experiments were per- 
formed in a small number of marmo- 
sets and cats. With subjective assess- 
ment of vasodilation, adenosine, 
NECA, and nitroprusside were effec- 
tive dilators, while no definite 
response was noted for any of the 
other agents (dipyridamole, CPA, and 
PIA were not tested). In these species, 
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Fig 3.—Effect of intravitreous injection of N-ethylcarboxamidoadenosine (NECA) 107° mol/L on retinal 
vessels in cats. Left, Fundus appearance before injection. Center, Fundus appearance six hours after 
NECA injection. Right, Fundus appearance 24 hours after NECA injection. Note that vasodilation decreases 
between six and 24 hours after injection, but hemorrhages increase. 





Fig 4.—Effect of intravitreous injection of N-ethylcarboxamidoadenosine 107° mol/L on retinal 
vessels in marmosets. Left, Fundus appearance 24 hours after injection of N-ethylcarboxami- 
doadenosine. Right, Fundus appearance in fellow eye 24 hours after injection of 1% dimethyl- 
sulfoxide. 


in which arteries and veins are easily 
distinguished, both are dilated in 
response to NECA (Figs 3 and 4), 
adenosine, and nitroprusside, but the 
venous dilation is more prominent. 
The dilation induced by adenosine or 
sodium nitroprusside resolved within 
hours, while NECA-induced dilation 
persisted for more than 24 hours (Figs 
3 and 4). In these species, as in the 
rabbit, adenosine and particularly 
NECA caused hemorrhages, but 
unlike the rabbit, their location was 
mainly intraretinal (Fig 3), although 
occasional small subhyaloid hemor- 
rhages were noted. 


COMMENT 


In this study, we demonstrated that 
adenosine, three adenosine agonists, 
an adenosine uptake blocker (dipyri- 
damole), dibutyryl cAMP, and nitro- 
prusside cause retinal vascular dila- 
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tion when injected into the vitreous 
cavity. The concentrations used were 
high; however, the volume injected 
was small, and it is likely that a 
significant portion of injected drug 
exits the eye through an anterior 
route. Several other agents known to 
dilate vessels elsewhere in the body 
had no detectable effect on retinal 
vessels when used in the same man- 
ner. The dilation was preceptible one 
hour after injection (the earliest time 
point studied), but did not become 
maximal until five hours after injec- 
tion and persisted for several hours 
after that. This suggests relatively 
slow diffusion of these small mole- 
cules through the vitreous, which is 
consistent with other experimental 
observations.'' The NECA-induced 
dilation had a similar onset but was 
much more prolonged. This may be 
because NECA is effective at much 


lower concentrations and is not inacti- 
vated by adenosine deaminase or 
adenosine uptake systems, the usual 
methods by which extracellular aden- 
osine is cleared. 

While our quantitative assessments 
of vascular dilation were performed in 
rabbits, we found similar results 
using qualitative assessments in mar- 
mosets and cats. This suggests that 
although the rabbit retinal vessels are 
limited to the surface of the myeli- 
nated streak, they may share some 
important characteristics with the 
vessels of holangiotic retinas. Thus, 
rabbits may be used in lieu of more 
expensive laboratory animals for the 
study of some features of the retinal 
vasculature, particularly for initial 
screening investigations. 

In addition to vasodilation, adeno- 
sine, NECA, CPA, PIA, and dipyrida- 
mole also caused occasional subhya- 
loid and retinal hemorrhages. The 
more predominant subhyaloid loca- 
tion of the hemorrhages in rabbits 
compared with marmosets and cats 
probably relates to the more superfi- 
cial location of retinal vessels in the 
rabbit. The frequency of the hemor- 
rhages was enhanced by injecting a 
combination of adenosine and dipyri- 
damole, an adenosine uptake blocker, 
and NECA was much more effective 
than adenosine in producing hemor- 
rhages. These data suggest the possi- 
bility that the hemorrhages are re- 
lated in some manner to prolonged 
occupation of adenosine receptors, 
although additional work is needed to 
determine the exact mechanism by 
which the hemorrhages occur and 
their relationship to vasodilation. It is 
intriguing that nitroprusside caused 
dilation comparable with that induced 
by adenosine or NECA, but this was 


Ischemic Retinopathy—Campochiaro & Sen 415 


not associated with hemorrhages. 

The adenosine-induced vasodilation 
and hemorrhages are blocked by an 
adenosine receptor antagonist, dem- 
onstrating that these effects are 
mediated by specific adenosine recep- 
tors. When adenosine agonists were 
examined, their rank order of potency 
was NECA much greater than PIA 
greater than CPA. This suggests that 
A, adenosine receptors are involved.” 
Since A, adenosine receptors are 
linked to an adenylate cyclase in a 
stimulatory fashion,’ it is likely that 
adenosine produces its effects by 
enhancing intracellular levels of 
cAMP. This is supported by another 
finding in this study, that dibutyryl 
cAMP is also capable of causing mod- 
est retinal vasodilation. 

Adenosine is an ubiquitous purine 
that is involved in several cellular 
processes. In addition to its intracel- 
lular roles as an intermediate in 
energy metabolism, it also functions 
in intercellular communication.'??’ It 
has been implicated in neurotrans- 
mission in brain'*'* and retina” and 
has been demonstrated to be a potent 
stimulator of vasodilation in vascular 
beds throughout the body.?!* In sever- 
al tissues, adenosine release is stimu- 
lated by ischemia, which it is then 
thought to help alleviate by vasodila- 
tion and increased blood flow.™ The 
present study suggests that adenosine 
could play a similar role in the retina 
and is supportive of a previous study 
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that demonstrated this in rabbit reti- 
na using two direct measures of blood 
flow.”® 

The findings of this study have 
potentially important implications. 
Since adenosine is capable of causing 
retinal vasodilation, it is possible that 
it is an endogenous mediator of vaso- 
dilation, particularly that associated 
with ischemic retinopathies, most 
notably diabetic retinopathy. This is 
compatible with the postulated role of 
adenosine in ischemia in other tis- 
sues.*” It is also indirectly supported 
by the above-cited work” suggesting 
that adenosine enhances blood flow in 
retina. Many of the hemorrhages that 
occur in diabetic retinopathy are 
unrelated to microaneurysms or other 
definite structural abnormalities and 
resemble the NECA- and adenosine- 
induced blot hemorrhages we saw in 
cats and marmosets. Thus, it is tempt- 


ing to speculate that diabetes-induced | 


retinal ischemia results in release of 
adenosine with subsequent vasodila- 
tion and enhanced blood flow. When 
this compensatory mechanism is 
insufficient to relieve the ischemia, 
the prolonged release of adenosine 
might result in retinal hemorrhages 
by an as yet undetermined mecha- 
nism. On the basis of this hypothesis, 
one would also predict that panretinal 
photocoagulation by virtue of decreas- 
ing ischemia’ would decrease adeno- 
sine release and thereby decrease ret- 
inal vasodilation. This was found in a 
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recent study% demonstrating that 
panretinal photocoagulation is associ- 
ated with a significant reduction in 
mean retinal arteriolar and venular 
diameter and that posttreatment 
reduction in arteriolar diameter cor- 
related significantly with regression 
of disc neovascularization. 

Another potential implication of 
the present study relates to therapy 
for retinal vascular occlusive disease. 
The management of central retinal 
artery or branch retinal artery occlu- 
sions, often complicated by delay in 
presentation, is difficult even when 
these patients are seen acutely. Most 
recommended regimens suggest ocu- 
lar massage and rapid reduction in 
intraocular pressure by pharmacolog- 
ic means, paracentesis, or both.” 
Increasing inspired carbon dioxide 
and retrobulbar injection of putative 
dilating agents have also been sug- 
gested.” This study suggests that 
intravitreous injection of vasodilating 
agents may represent a possible alter- 
native or adjunctive mode of therapy. 
Additional dose-response and toxicity 
studies are needed to see if nitrates 
and adenosine or its analogues might 
be useful in this regard. 
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Vitreoperfusion 


A New Approach to Ocular Ischemia 


Norman P. Blair, MD; Daniel S. Baker; J. Patrick Rhode; Marcus Solomon 


è No satisfactory treatment is avail- 
able to supply the metabolic needs of the 
retina in vascular occlusion. Consequent- 
ly, necrosis occurs. We devised vitreoper- 
fusion, a technique of perfusing the vitre- 
ous cavity after vitrectomy-lensectomy 
with selected fluids containing glucose 
and oxygen. We tested whether vitreoper- 
fusion could protect the retina from 
severe combined retinal and choroidal 
ischemia. An intraocular pressure of 170 
mm Hg was induced in each eye of nine 
cats for up to four hours, and simulta- 
neously one eye of each cat underwent 
vitreoperfusion. After one week, histo- 
pathologic examination revealed retinal 
atrophy and dissolution in untreated eyes 
but not in eyes treated with vitreoperfu- 
sion. To our knowledge, such severe is- 
chemia has never been treated success- 
fully before. Vitreoperfusion is a potential 
treatment modality in various forms of 
ocular ischemia. Additional studies are 
warranted to refine the technique and 
determine any clinical applicability. 

(Arch Ophthalmol 1989; 107:417-423) 


etinal ischemia is one of the most 

common pathophysiologic pro- 
cesses leading to visual loss.' This loss 
in vision occurs both by defective 
visual processing in the ischemic tis- 
sue and by the development of retinal, 
optic disc, and/or iris neovasculariza- 
tion and their hemorrhagic, fibrotic, 
and glaucomatous sequelae. Retinal 
ischemia can result from abnormali- 
ties of the arteries, veins, or capil- 
laries and develops in a wide variety 
of disease processes, including diabe- 
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tes, atherosclerosis, and inflamma- 
tion. Usually, no treatment is effec- 
tive in preventing ischemic retinal 
injury and various degrees of necro- 
sis. Furthermore, the cellular events 
underlying ischemic retinal injury are 
poorly understood. 

The present studies take advantage 
of two unusual anatomic features of 
the eye. First, the major metabolizing 
tissue, the retina, is arranged as a 
relatively thin sheet, so that all of it is 
within a few hundred micrometers 
from the vitreous. Second, the solid 
vitreous body can be removed without 
compromising visual function to cre- 
ate a fluid-filled cavity by performing 
a vitrectomy. The vitreous cavity then 
can be perfused at practically any rate 
desired with the use of fluids contain- 
ing a broad range of substances at 
controlled concentrations to supply, 
study, measure, or manipulate retinal 
metabolism. We have termed this pro- 
cess vitreoperfusion. We hypothesized 
that with vitreoperfusion all of the 
metabolic needs of the entire thick- 
ness of the retina could be met by 
diffusional exchange between the reti- 
na and the vitreous, even in the 
absence of ocular blood flow. We 
tested this hypothesis in cat eyes 
whose blood flow was essentially 
eliminated by elevation of the intra- 
ocular pressure. The results show that 
vitreoperfusion can prevent irrevers- 
ible ischemic retinal injury for at 
least four hours. Whether this tech- 
nique will prove to be useful in clinical 
situations remains to be determined. 
In any case, the ability to control the 
composition of the fluid bathing the 
retina under conditions of virtually no 
blood flow allows control of the reti- 
nal interstitial fluid, and this opens 
the way to significant advances in our 
understanding of the pathogenesis of 
ischemic retinal injury. 


MATERIALS AND METHODS 
Groups of Eyes Studied 


Cats were studied because their eyes are 
large enough to permit vitrectomy and 


because of the presence of intraretinal 
blood vessels that are roughly comparable 
to those in humans. All eyes underwent 
lensectomy-vitrectomy as described below. 
We studied five groups of eyes classified by 
the experimental procedures they under- 
went (Table 1). The outcomes of the inter- 
ventions were evaluated by ocular histo- 
pathologic study. 

Six eyes of three cats composed group 1, 
and these animals were allowed to heal for 
at least one month without further experi- 
mental procedures. They served as normal 
controls. Group 2 consisted of four eyes of 
two cats in which the intraocular pressure 
was elevated to 170 mm Hg. Fluorescein- 
labeled rat albumin was injected intrave- 
nously, and the eyes were enucleated four 
or ten minutes later without lowering the 
intraocular pressure. These eyes provided 
information as to whether blood carrying 
fluorescent albumin flowed into the eye 
during the period of pressure elevation. In 
nine cats, one eye was assigned to group 3 
and one eye to group 4. Both eyes under- 
went elevation of the intraocular pressure 
for an identical time, ranging from 75 to 
240 minutes. Eyes in group 4 differed from 
those in group 3 only by treatment with 
vitreoperfusion during the same period 
that the pressure was elevated. Group 3 
eyes served as untreated ischemic controls 
with which their contralateral group 4 
vitreoperfused eyes could be compared. Six 
eyes of three cats composed group 5. They 
underwent elevation of the intraocular 
pressure without vitreoperfusion for 30, 60, 
90, 120, 180, and 240 minutes. In each case 
the vitreous cavity was irrigated with 40 
mL of lactated Ringer’s solution before 
pressure elevation. This group was initi- 
ated when some group 3 eyes were found to 
have tolerated ischemia better than others. 
This might have resulted from the avail- 
ability to the retina of variable amounts of 
intravitreal glucose during the ischemic 
period. 


Preparation of Eyes for Vitreoperfusion 


All surgical procedures except enucle- 
ation were carried out under sterile condi- 
tions. The cats underwent pupillary dila- 
tion (1% atropine sulfate and 10% phenyl- 
ephrine hydrochloride), anesthesia with 
ketamine hydrochloride and acepromazine 
maleate intramuscularly (22 mg/kg and 1 
mg/kg, respectively) and then supplemen- 
tal ketamine via continuous low-dose 
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Table 1.—Groups of Cat Eyes Studied 


Interval 
Between 
Ischemia and 
Enucleation, 


Irrigation 
of Vitreous 
With Lactated 
Ringer’s 
Solution 


Intravenous 
Fluorescein- 
Labeled 
Albumin 


Duration of 
Lensectomy- ischemia, 
Vitrectomy min 


No. of 
Eyes 


Vitreo- 
perfusion 


Purpose 


Group of Group 


*Cats in which one eye was assigned to group 3 had the other eye assigned to group 4. 


intravenous infusion (0.33 mg/kg/min), 
and endotracheal tube placement. This 
anesthetic was chosen because it affects 
the rate of brain, and presumably ocular, 
metabolism less than do other agents,’ eg, 
barbiturates. The animals were placed on 
their backs, with their heads held securely 
with pieces of foam rubber and tape. They 
were wrapped in a heating pad with circu- 
lating, heated fluid (Aquamatic K unit, 
model K-20, American Hospital Supply 
Corp, Cincinnati). Lactated Ringer’s solu- 
tion was administered intravenously at a 
rate of 0.5 mL/min. In some cats a catheter 
was placed in the femoral artery, and the 
blood pressure was monitored by means of 
a pressure transducer (P2 pressure mod- 
ule, Datascope, Paramus, NJ). 

The region around the eyes was shaved, 
prepared, and draped. A wire eyelid specu- 
lum was placed, and the nictitating mem- 
brane was sutured out of the way at the 
inferonasal limbus. A canthotomy was per- 
formed. Pars plana lensectomy and vitrec- 
tomy were performed by means of a pha- 
coemulsification unit (Cavitron Surgical 
Systems model 7007, Irvine, Calif) and a 
vitrectomy machine (DKS mode! 3002-100, 
CooperVision, Irvine, Calif). The methods 
were similar to standard procedures used 
in human patients. The process was 
repeated in the second eye. We allowed the 
animals to recover for one month. During 
this time the eyes were treated with 1% 
atropine sulfate and a mixture of 0.5% 
prednisolone acetate, 0.35% neomycin sul- 
fate, and 10000 U/mL of polymyxin B 
sulfate (Polypred) to suppress inflamma- 
tion and prevent infection. 


Technique of Induction of Ischemic 
and Vitreoperfusion 


One month after vitrectomy-lensectomy, 
the cats in groups 2 through 5 were pre- 
pared for surgery and anesthetized as 
above. Heparin (300 U) was given intrave- 
nously to keep the catheters open and 
prevent thrombotic obstruction of the ocu- 
lar vessels to enhance reflow when the 
intraocular pressure was normalized. The 
conjunctivas were opened, and cannulas 
were placed into each vitreous cavity via 
the pars plana. Two cannulas were placed in 


eyes treated with vitreoperfusion, whereas 
only one was placed in eyes subjected to 
untreated ischemia. Fluid reservoirs con- 
nected to the eyes via the cannulas were 
raised to establish an intraocular pressure 
of 170 mm Hg (the systolic blood pressure 
was usually about 130 mm Hg). Leakage 
around the catheters was negligible. 

The intraocular pressure was monitored 
with the same instrument by which the 
arterial pressure was measured. The pres- 
sure transducer was connected to the out- 
flow tube from the eye rather than to the 
arterial system using stopcocks. The peri- 
odic measurements of intraocular pressure 
confirmed the theoretical expectation that 
using a reservoir at a constant height 
should establish a constant intraocular 
pressure. 

The reservoirs contained modified 
Ames’ solution’ at room temperature. 
Ames’ solution has 43 constituents and 
resembles cerebrospinal fluid (Table 2). 
Minimal pathologic changes and only mod- 
erate reductions in metabolic function 
were found when rabbit retinas were 
maintained in this solution in vitro for 51 
hours.* Our only modification of the Ames’ 
solution was that the gas bubbled through 
it contained 95% oxygen. Autologous 
serum was used in its preparation; this 
would be expected to incite no or minimal 
inflammatory response. This solution was 
chosen to minimize the possibility of omit- 
ting any crucial constituent of the vitreo- 
perfusion fluid. If the experiment were to 
show no protection of the retina from 
ischemic injury, we then could, with rea- 
sonable confidence, attribute this result to 
the failure of vitreoperfusion in general 
and not to the particular solution used. In 
comparison with balanced salt solution, 
with which most ophthalmologists are 
familiar, Ames’ solution contains glucose, 
oxygen, bicarbonate, sulfate, pyruvate, 
amino acids, pyrimidines, purines, vita- 
mins, and serum. 

In group 4 eyes, vitreoperfusion at 4 
mL/min using a pump (Ismatec, Cole- 
Parmer, Chicago) was begun when the 
intraocular pressure was elevated and ter- 
minated when it was normalized. This flow 
rate exceeded that calculated on the basis 
of values available in the literature to be 
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Normal 
control 
Demonstration 
of ischemia 
Ischemic 
control 
Study group 
Elimination of 
intravitreal 
glucose 


No ischemia 





necessary to supply the mass of glucose 
and oxygen utilized by the retina per unit 
of time. Adequate delivery of oxygen to the 
anterior vitreous via a pars plana catheter 
does not assure adequate delivery of oxy- 
gen to the posterior retina. We calculated 
that diffusion alone could not transport 
sufficient oxygen posteriorly. Therefore, 
we used a high flow rate to introduce 
enough eddy currents to stir the vitreous. 
We found that 4 mL/min produced rapid 
mixing in a model eye in vitro using fluo- 
rescein as a marker. 


Histopathologic Assessment of 
Vitreoperfusion 


Abnormalities induced by ischemia that 
are visible with light microscopy take 
hours to days to develop.’ Accordingly, the 
cats were allowed to survive for seven to 16 
days. The eyes were then removed, opened 
along the pars plana, and placed in cold 
Trump’s fixative. The central portion of 
each eye (including the visual axis and the 
optic nerve) was cut with a new razor 
blade. By means of standard techniques, 
this tissue was embedded in paraffin, sec- 
tioned at 5 um, stained with hematoxylin- 
eosin or periodic acid-Schiff and hematox- 
ylin, and examined by light microscopy. 
The slides included the posterior, equatori- 
al, and peripheral retina, thereby prevent- 
ing bias due to uneven sampling of the 
regions of the eye. Some sections from 
group 2 eyes were made at 20 um. Slides 
were prepared from these by putting 
xylene on the unstained sections, placing a 
coverslip, and examining them by fluores- 
cence microscopy. 


RESULTS 


Eyes in groups 1 and 2 had normal 
histopathologic findings on the 
stained sections (Fig 1). In the sec- 
tions from eyes in group 2 that were 
examined by fluorescence microscopy, 
the presence of fluorescence indicated 
that blood containing fluorescent 
albumin had entered the vasculature 
between the time of injection and 
removal of the eye despite continuous 
elevation of the intraocular pressure. 
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Table 2.—Composition of 
Modified Ames’ Solution 


Electrolytes, mmol/L 
Cations 
Nat 
> 
Catt 
Mg*t 
Total 
Anions 
ci- 
HCO3 
HoPO,4 
HPO, 
sO,” 
Total 
Amino acids, nmol/L 
Alanine 
Arginine 
Asparagine 
Aspartate 
Cystine 
Glutamate 
Glutamine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Proline 
Serine 
Taurine 
Threonine 
Tryptophan 
Tyrosine 
Valine 
itamins, „mol/L 
Ascorbic acid 
Biotin 
Choline 
Folic acid 
Nicotinamide 
Pantothenate 
Pyridoxal 
Riboflavin 
Thiamine 
Inositol 
Purine and pyrimidines, wmol/L 
Hypoxanthine 
Cytidine 
Uridine 
Thymidine 
Other 
Pyruvate, mmol/L 
Glucose, mmol/L 
Oo, mm Hg 
Serum, % 
CO2, mm Hg 





Fluorescence was seen in the deep 
scleral vessels and the extraocular 
blood vessels in the orbital tissue 
adherent to the globe, but not in the 
choriocapillaris or retinal vessels. 
Aside from a small amount of fluores- 
cence at ten minutes in one eye, there 
was no fluorescence in the large cho- 
roidal vessels. We conclude that 
intraocular pressure elevation to this 
level virtually stops the intraocular 
blood flow. 

Six of the untreated ischemic con- 
trol eyes in group 3 had severe dam- 
age, with the predominant abnormali- 
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Fig 1.—Histopathologic specimen of cat eye enucleated four minutes after initiation of intraocular 
pressure of 170 mm Hg. No ischemic changes are seen (hematoxylin-eosin, X 160). 


ty being cell death. In the retina there 
were evolving necrosis, cell loss, atro- 
phy with reduction in overall thick- 
ness, severe disorganization, and 
absence of the pigment epithelium 
and photoreceptors (Fig 2). Some eyes 
had severe retinal dissolution with 
loss of recognizable retina (Fig 3). 
Although there was considerable vari- 
ation in the degree of severity of reti- 
nal damage between eyes, there was 
only slight variation from area to area 
within a single eye. The degree of 
severity of injury to an area of retina 
did not seem to relate to its distance 
from the optic nerve. Conversely, the 
degree of injury seemed to depend on 
layer of the retina. In some eyes there 
was severe loss of the outer retinal 
layers with relative preservation of 
the inner layers, although there often 
was some loss of ganglion cells as well. 
Accordingly, the photoreceptor inner 
and outer segments, their perikarya, 
and the ganglion cells appeared to be 
particularly vulnerable to injury. The 
nonneural tissue showed much less 
damage. Variable degrees of dissemi- 
nated inflammatory cells were seen, 
although these were rather mild 
except in association with the most 
severe ischemic damage. Three eyes 
with ischemia for 240, 170, and 75 
minutes appeared to be fairly normal, 
but the last probably sustained an 
insult too mild for damage to be 
expected (see next paragraph). 

The group 4 eyes undergoing vitreo- 
perfusion had minimal or no abnor- 
malities in all retinal layers, including 
the pigment epithelium (Figs 2 and 3). 


Specifically, there was no definite evi- 
dence of cell loss. Occasionally, mild 
swelling, as evidenced by vacuoliza- 
tion in the retina, was seen. There 
were occasional foci of mononuclear 
cell infiltration, notably in a perivas- 
cular location and sometimes in the 
ciliary body area. One eye developed 
endophthalmitis. When compared 
with group 1 and 2 eyes, eyes from 
groups 3 and 4 sometimes appeared to 
have somewhat shortened photorecep- 
tors, and folds of the outer retinal 
layers occasionally were observed. 

In group 5 eyes, there was a clear 
progression of damage with increas- 
ing duration of ischemia on histopath- 
ologic examination (Fig 4). No abnor- 
malities were seen after 30, 60, and 90 
minutes of ischemia, but substantial 
atrophy was present after 120 
minutes. Severe atrophy and dissolu- 
tion of the retina, and even retinal 
detachment, occurred after 180 and 
240 minutes. Inflammatory cells were 
prominent with severe damage. 


COMMENT 


We have introduced a new tech- 
nique, vitreoperfusion, and showed 
that it can prevent retinal injury 
induced by severe impairment of both 
the retinal and choroidal circulations. 
Eyes subjected to the same insult 
without vitreoperfusion developed 
various degrees of damage, including 
atrophy and marked retinal dissolu- 
tion. We are unaware of any previous 
report of a method that succeeded in 
preventing retinal injury after such a 
severe ischemic insult. 
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Fig 2.—Histopathologic specimens of two eyes of cat subjected to intraocular pressure of 170 mm 
Hg for 160 minutes and then enucleated one week later. Top, This eye was treated identically with 
contralateral eye except that it did not receive vitreoperfusion. Note marked disorganization, 
atrophy, and gliosis of retina. Layer of rods and cones and outer nuclear layer have disappeared, 
and there is severe attenuation of retinal pigment epithelium. There is marked loss of inner nuclear 
layer cells. Almost all ganglion cells are lost. Tapetum extends between two straight arrows. 
Severe tissue loss is evidenced by retinal thinning; compare with Fig 1 and Fig 2, bottom, taken at 
same magnification (hematoxylin-eosin, X 160). Bottom, This eye was treated with vitreoperfusion 
during ischemia. No evidence of ischemic retinal injury is apparent. Findings are essentially normal 
and similar to those in Fig 1, although slight vacuolization is seen, especially in region of 
photoreceptor inner and outer segments and ganglion cell and nerve fiber layer. There is artifactual 
separation of pigment epithelium from underlying choroid (hematoxylin-eosin, X 160). 


We chose the simplest way to 
induce temporary profound ocular 
ischemia: elevation of the intraocular 
pressure to levels exceeding the sys- 
tolic blood pressure. There are two 
major questions about this approach. 
First, how severe was the ischemia? 
At pressures exceeding the systolic 
blood pressure, such as 170 mm Hg, 
the intraocular vessels collapse, the 
perfusion pressure® becomes small or 


negative, and little or no blood can be 
forced into intraocular vessels by the 
heart. Severe ischemia previously has 
been demonstrated at intraocular 
pressures lower than those we used.” ° 
Our group 2 eyes demonstrated virtu- 
al cessation of intraocular blood flow 
under our experimental conditions. 
The second question is, are there 
ways high pressure could cause dam- 
age to the eye aside from reducing 
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blood flow? Several are theoretically 
possible. First, an absolute intraocu- 
lar pressure change of about 150 mm 
Hg (from 20 to 170 mm Hg) occurs. 
This is about the same as going from 
Denver to sea level, or diving 2 m 
under water. However, that alone 
would not change ocular function sub- 
stantially. Second, collapse of the reti- 
nal vessels would be associated with 
some retinal distortion in the perivas- 
cular areas. Considering how much 
retinal distortion can coexist with 
minimal visual symptoms clinically 
(eg, preretinal membranes), this also 
is not expected to produce major func- 
tional disturbances. There has been no 
pathologic evidence of damage attrib- < 
utable to retinal distortion in our 
vitreoperfused eyes to date. Any pres- 
sure-induced  distortional retinal 
damage must have been minimal com- 
pared with the pressure-induced is- 
chemic retinal damage because both 
our treated and untreated groups 
were subjected to the same pressure, 
but substantial damage was seen only 
in the untreated group. Third, there 
would be a sizable pressure gradient 
across the sclera, which provides the 
major structural support to the globe, 
but the site at which neural tissue 
would be most vulnerable would be 
the lamina cribrosa. Distortion of the 
neural elements at that location could 
lead to death of axons, which would 
lead to death in the nerve fiber and 
ganglion cell layers. Our pathologic 
studies have not found significant 
abnormalities in these layers or in the 
optic nerve when the eyes are treated 
by vitreoperfusion. Previously, Rei- 
neke et al’ found no evidence that 
elevation of the intraocular pressure 
produced retinal damage other than 
by ischemia, since similar histopatho- 
logic changes occurred after ischemia 
induced by elevation of the intraocu- 
lar pressure, fat embolization, and 
photocoagulation of the retinal arte- 
ries. It appears that high elevation of 
the intraocular pressure is an effec- 
tive way to induce severe ocular ische- 
mia without producing other major 
abnormalities, at least over several 
hours. 

Our histopathologic results in 
untreated ischemia are comparable 
with those found in previous studies, 
particularly after elevation of the 
intraocular pressure.*’ They confirm 
the relative sparing of most nonneu- 
ral tissues, presumably because their 
lower rates of metabolism make them 
less vulnerable to deprivation of blood 
flow. With combined retinal and cho- 
roidal ischemia, the outer retina 
appeared to be particularly vulnerable 
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Fig 3.—Histopathologic specimens of two eyes of cat subjected to intraocular pressure of 170 
mm Hg for 165 minutes and then enucleated two weeks later. Top, This eye was treated 
identically with contralateral eye except that it did not receive vitreoperfusion. Note marked 
dissolution of retina. No normal retinal morphologic features are seen, and multiple macrophages 
are present (arrows). This is only area in this eye that could be interpreted as retina. Serous 
exudate is seen in vitreous (hematoxylin-eosin, X 160). Bottom, This eye was treated with 
vitreoperfusion during ischemia. No evidence of ischemic retinal injury is apparent. Findings are 
essentially normal and similar to those in Fig 1 (hematoxylin-eosin, X 160). 


to ischemic injury, as noted previous- 
ly. This is in agreement with the 
high rate of metabolism known to 
exist in the photoreceptor inner seg- 
ments."° 

We were surprised that two eyes did 
not show notable ischemic injury 
despite elevation of the intraocular 
pressure for 170 and 240 minutes with 
no treatment with vitreoperfusion. 
One possible explanation is that the 
vitreous might have served as a reser- 
voir of glucose available to the retina 
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as fuel for anaerobic metabolism even 
without blood _ flow.''’* Variable 
amounts of glucose or glycogen and 
various degrees of mixing in the 
vitrectomized vitreous might have 
contributed to inconsistency in the 
duration of ischemia needed to induce 
ischemic retinal injury. To eliminate 
this variable, we irrigated the vitre- 
ous profusely with lactated Ringer’s 
solution, which contains no glucose. 
When this was done, we found a clear 
cutoff between 90 and 120 minutes 


t 


after which`the retina did not com- 
pletely recover. Furthermore, al- 
though the damage at 120 minutes 
was extensive, a substantial number 
of cells survived. In contrast, at longer 
durations there was severe dissolution 
of all retinal elements. Our findings 
are similar to those of Hayreh et al," 
who found that monkey retinas could 
not survive periods of 105 minutes or 
longer after central retinal artery 
occlusion. Reineke et al’ found severe 
damage after 90 minutes of high 
intraocular pressure elevation in cats 
without vitrectomy or irrigation of 
the vitreous. 

Since the advent of vitrectomy, per- 
fusion of the vitreous has been possi- 
ble. However, vitrectomy has been 
used mainly to achieve essentially 
mechanical objectives, such as reat- 
tachment of the retina and removal of 
blood, infected material, or fibrovas- 
cular membranes. Vitreoperfusion 
differs from this in that its objectives 
are metabolic rather than mechanical. 
There has been little attention to 
using vitreous surgery to influence 
the metabolism of the retina. 

There are two areas in which vitreo- 
perfusion has great potential: (1) the 
treatment of alterations in retinal 
metabolism induced by disease and (2) 
the evaluation of retinal metabolism. 
The present study used vitroperfusion 
to treat ischemia, an insult that pro- 
foundly influences retinal metabo- 
lism. Considering the prevalence of 
visual loss due to retinal ischemia and 
its neovascular sequelae, our clear-cut 
results indicate that this application 
of vitreoperfusion deserves further 
study. 

The responsiveness of ischemic reti- 
na to any treatment modality depends 
on the way ischemic injury evolves, 
and this has been elucidated more 
completely in the brain than in the 
retina. When a major artery to the 
brain is closed, a “penumbra” of via- 
ble but nonfunctional tissue sur- 
rounds the irreversibly damaged 
core. As the duration of ischemia 
increases, the penumbra tends to 
progress to necrosis, but it can recover 
if the circulation is restored. Thus, a 
window of therapeutic opportunity 
exists during the time penumbra tis- 
sue is present. If an intervention were 
capable of supplying the required 
nutrients during this period, the pen- 
umbra might be salvaged. Ischemic 
penumbra must occur in the retina 
because our results and those of oth- 
ers demonstrate it is possible for the 
retina to recover from total ischemia 
that lasts for periods of about 1% 
hours. This period might be longer 
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and even long-term if the ischemia 
were incomplete. Clinically, sizable 
penumbra may exist in central retinal 
artery occlusion since the choroidal 
circulation remains intact and the 
occlusion may not be complete. Some 
series report surprisingly good visual 
recovery“ and even postulate areas of 
“idling” retina to account for it.” Fur- 
thermore, the blood flow often is 
restored within hours to days after 
the occlusion. Thus, some retinal tis- 
sue might be amenable to prompt, 
temporary treatment in human reti- 
nal artery occlusion. 

Accordingly, attempts have been 
made to supply the metabolic require- 
ments of the retina during ischemia. 
Breathing oxygen has been used to 
accomplish this,'* but the results in 
patients with central retinal artery 
occlusion have not been gratifying. 
Ben-Nun et al”? recently described a 
method whereby oxygen can be deliv- 
ered to the retina independent of 
blood flow by passing oxygen through 
a special tube inserted through the 
pars plana and out the other side of 
the eye across the retina. Substantial 
improvements in the design of this 
tube would be needed to make it a 
feasible approach in any clinical situ- 
ation. Furthermore, factors other 
than oxygen delivery may be crucial 
for retinal survival, including glucose 
delivery and the removal of metabolic 
wastes such as lactate. Vitreoperfu- 
sion does not have this limitation. It 
also provides the opportunity to tailor 
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ye d Fig 4.—Histopathologic specimens of eyes 
EERS Re a enucleated one week after being subjected to 
ee Variable periods of ischemia at intraocular 
<6 E ail pressure of 170 mm Hg with no vitreoperfu- 
e sion. Immediately before ischemia, vitreous 
cavity was irrigated with 40 mL of lactated 
Ringer’s solution. Top, At 60 minutes, no 
evidence of ischemic retinal injury is apparent. 
Findings are essentially normal and similar to 
those in Fig 1 (hematoxylin-eosin, X160). 
Center, 120 minutes after ischemia was 
induced, there is marked disorganization, 
atrophy, and gliosis of retina. Layer of rods 
and cones and outer nuclear layer have 
essentially disappeared, and there is severe 
attenuation of retinal pigment epithelium. 
There is marked loss of inner nuclear layer 
cells and ganglion cells. Tapetum extends 
between two straight arrows. Severe tissue 
loss is evidenced by retinal thinning; compare 
with Fig 1 and Fig 4, top, taken at same 
magnification (hematoxylin-eosin, X 160). Bot- 
tom, At 240 minutes, there is marked disinte- 
gration of retina. Multiple macrophages are 
seen (arrowheads). This is most normal- 
appearing area of retina in this eye. Exudate is 
seen in vitreous, and retina is detached. 
Perfused blood vessel is seen to left (straight 
arrow). Curved arrow indicates internal limiting 
membrane (hematoxylin-eosin, X 160). 
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the fluid to which the retina is 
exposed so as to minimize reperfusion 
injury. This is not a trivial issue 
because studies of other organs such 
as the heart and brain suggest that 
much of the ultimate damage after 
ischemia can occur during the period 
of reperfusion.” 

These considerations suggest that 
vitreoperfusion may prove useful in 
the treatment of central retinal 
artery occlusion until retinal blood 
flow becomes restored. Also, if it were 
shown that vitreoperfusion could 
enable retinal survival and preserve 
useful vision in the long-term treat- 
ment of chronic retinal ischemia such 
as occurs in diabetic retinopathy, it 
might be worth attempting to over- 
come such major obstacles as long- 
term maintenance of intraocular can- 
nulas, patient acceptance, and preven- 
tion of infection. Further investiga- 
tion is necessary before vitreoperfu- 
sion could be considered for use in any 
clinical situations. 

The second major potential applica- 
tion of vitreoperfusion is to provide a 
way of evaluating retinal metabolism. 
This could be particularly useful in 
elucidating the pathogenesis of ische- 
mia. First, when there is no blood 
flow, the composition of the retinal 
interstitial space can be manipulated 
by controlling the composition and 
flow of the fluid in the vitreous cavity. 
This opens the way to study how the 
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development of ischemic retinal inju- 
ry is influenced by altering various 
substances in the retinal extracellular 
fluid. These substances include oxy- 
gen; glucose; lactate; ions such as sodi- 
um, potassium, and calcium; neuro- 
transmitters; antioxidants; and vari- 
ous drugs. Second, if there is no blood 
flow to the eye, the only source of 
metabolically necessary substances 
and the only site into which metabolic 
waste products can be released is the 
vitreous fluid. Accordingly, if one 
knows the composition of the incom- 
ing and the outgoing fluids, any dif- 
ference must be due to the metabolic 
activity of the eye.” This provides a 
method for evaluating the state of 
energy metabolism in the retina by 
determining the rates of utilization of 
such substances as oxygen and glucose 
and the rates of production of waste 
products such as lactate, carbon diox- 
ide, and hydrogen ions. These rates 
are obviously crucial in retinal ische- 
mia. Accurate determination of these 
has been difficult in the past.” 
Recent studies using oxygen elec- 
trodes have led to substantial 
advances,” but less is known about 
the metabolic rates of the other sub- 
stances. 

Some investigators have main- 
tained the eye in a relatively normal 
state by perfusing the vasculature of 
the excised eye with selected solu- 
tions.” In a sense, vitreoperfusion has 
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Erbium-YAG Laser Surgery on 
Experimental Vitreous Membranes 


Thomas I. Margolis, MD; Denise A. Farnath, MD; Maryanna Destro, MD; Carmen A. Puliafito, MD 


@ We used a pulsed erbium-YAG laser 
emitting in the midinfrared region (2.94 
um) to cut experimental vitreous mem- 
branes in rabbits via an intraocular fiber- 
optic delivery system. Thirty-four mem- 
branes were cut at distances of 500 to 
3600 um from the retina. All 34 of the 
membranes treated were effectively cut. 
Sixteen cases had no evidence of retinal 
injury, including one in which the mem- 
brane was only 800 um from the retina. 
Retinal injuries in the remaining cases 
consisted of small (<300 um) retinal 
burns and hemorrhages. In 94% of the 
cases with retinal injury, the fiberoptic 
was within 2000 um of the retina. We 
conclude that a pulsed erbium-YAG laser 
allows near tractionless cutting of vitre- 
ous membranes and may have potential 
for clinical use if further studies show it to 
be efficacious and safe near the retina. 

(Arch Ophthalmol 1989; 107:424-428) 


[ene advances in mechanical 
vitrectomy, cutting dense mem- 
branes tightly adherent or adjacent to 
the retinal surface or below the retina 
remains a technical challenge.'°?!!*> 
131.1321522 Tn principle, the use of lasers 
for intraocular ablation offers the 
possibility of tractionless segmenta- 
tion or delamination of membranes 
that are difficult to cut mechanically. 
We investigated the use of an erbium- 
YAG laser emitting at 2.94 um to cut 
experimental vitreous membranes. 
Radiation at 2.94 um is strongly 
absorbed by water (absorption length, 
1 wm) and can be transmitted through 
optical fibers (zirconium fluoride 
[ZrF] or low hydroxyl-fused silica), a 
necessary requirement for practical 
use in vitreous surgery.** 

Previous studies of the erbium- 
YAG laser have described its effects 
on arterial walls’ and various ocular 
structures,’ but no work has examined 
its usefulness for vitreous membrane 
cutting. In this study, we evaluated 
the efficacy of an erbium-YAG laser 
in performing intraocular membrane 
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cutting in the rabbit, using direct 
irradiance from a straight fiberoptic 
or sapphire tip. The minimum ener- 
gydensity required for transection 
of membranes and the incidence of 
surgical complications were deter- 
mined. 


MATERIALS AND METHODS 
Experimental Membranes 


Experimental vitreous membranes were 
created in 12 (24 eyes) pigmented Dutch- 
belted rabbits (weight, 1.5 to 3.0 kg). The 
rabbits were anesthetized by an intramus- 
cular injection of ketamine hydrochloride 
(25 mg/kg), xylazine hydrochloride (1.4 
mg/kg), and acepromazine maleate (0.36 
mg/kg); 1.0 mL of 2% lidocaine hydrochlo- 
ride was given for retrobulbar anesthesia. 
Proparacaine hydrochloride (0.5%) was 
applied for topical anesthesia, and tropi- 
camide (0.8%) and phenylephrine hydro- 
chloride (5.0% ) were applied for mydriasis. 
Membranes were created by two tech- 
niques, suture placement and retinal pig- 
ment epithelial (RPE) cell injection. First, 
in ten rabbits (20 eyes), the globe was 
proptosed and one to three sutures (4-0 silk 
or 2-0 cotton) were placed in the vitreous, 
using a straight sewing needle.** The reti- 
na was nicked several times to expose sites 
for cellular attachment. Suture ends were 
cut flush with the globe. The second tech- 
nique involved the injection of porcine 
RPE cells (400000/0.1 mL) into the vitre- 
ous, with a 25-gauge needle, in two rabbits 
(four eyes). Again, the retina was nicked 
several times to enhance RPE cell attach- 
ment. After surgery, 10 mg of subconjunc- 
tival gentamicin sulfate solution was 
injected followed by daily application of 
topical gentamicin sulfate (for seven days). 
Membranes formed in four to six weeks in 
the sutured eyes and two to four weeks in 
the RPE-injected eyes. All animals were 
regularly examined to assure retention of 
normal visual function. The average time 
to laser treatment was three months. 
Characteristically, the membranes formed 
between sutures or along vitreous tracts 
from sutures to chorioretinal scars. 
Detachments of the medullary ray were 
common, although no traction retinal 
detachments occurred. 


Laser Treatments 


A pulsed (250-us) erbium-YAG laser 
(Schwartz ER3000) was used in these 
experiments. Energy was emitted at 2.94 
um and was measured by a joulemeter 
(Gentec ED-20). The beam was focused 
into either a low hydroxyl-fused silica fi- 
beroptic (320 um in diameter; length, 27.5 
to 40.0 cm) or a ZrF fiber (300 um in 
diameter; length, 70 cm) connected to a 
sapphire tip (1 mm in diameter tapering to 
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a 200-um flat end). Distances of mem- 
branes from the retinal surface were mea- 
sured by two techniques. First, using a slit 
lamp with a dual helium-neon-aiming 
beam (YAG-100) or a surgical microscope 
(Wild M650), the surgeon focused first on 
the membrane, while controlling for 
accommodation, and then on the retina, 
while an assistant nated the displacement 
of the slit lamp or microscope in millime- 
ters. The accuracy with which the surgeon 
controlled for accommodation was not 
evaluated. The slit lamp was equipped with 
a digital micrometer and the microscope 
was coordinated with a dial indicator to 
measure distances. The second method of 
measuring the locations of membranes was 
with A- and B-scan ultrasonography (Coo- 
perVision 4000). The resulting measure- 
ments represent approximations. While 
the measurements obtained by the differ- 
ent techniques were always within 0.5 mm, 
no formal comparison of the two tech- 
niques was made. 

Before laser surgery, rabbits were anes- 
thetized and their pupils dilated as previ- 
ously described. The animals were placed 
under the surgical microscope and a 90° 
peritomy was performed. A sclerostomy 
was then performed 3 mm posterior to the 
limbus with a 22-gauge needle. A flat- 
surface fundus contact lens was placed on 
the cornea (OGFA) and the fiberoptic was 
passed into the vitreous and placed close to 
the surface of the membrane (<50 um). 
The fiberoptics had straight tips so that all 
the energy was delivered directly in front 
of the fiber. Membranes were cut by mov- 
ing the fiberoptic along the membranes 
and applying multiple pulses at various 
energies and repetition rates. To facilitate 
postoperative evaluation of cutting and 
complications, surgical procedures were 
recorded on videotape using a camera 
(Medicam S-4) interfaced with a videocas- 
sette recorder (Sony VO-5800) and a color 
monitor (Sony Trinitron CVM-1900). 


Retinal Damage Threshold 


The minimum energy needed to produce 
a retinal lesion was determined for dis- 
tances of 1000, 1500, and 2000 um from the 
retina. Three rabbits (six eyes) with nor- 
mal fundi were used in these experiments. 
After anesthetizing the rabbits and plac- 
ing the fiberoptic in the vitreous cavity as 
previously described, the fiberoptic was 
positioned at a specific distance from the 
retina (determined by the dial indicator on 
the surgical microscope). Sets of ten pulses 
were delivered at different energy levels 
and the thresholds were determined. Esti- 
mates of lesion sizes were made during 
surgery by comparing the lesions with the 
diameter of the fiberoptic. Postoperative 
fundus photography and fluorescein angi- 
ography documented the retinal lesions. 
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Fig 1.—Histologic view showing fibrous proliferation arising from 
retinotomy site. Arrow indicates edge of membrane that was cut 2200 
um from retinal surface in 94 pulses at 5.0 mJ per pulse. In this section, 
membrane is only 400 um from retina due to postoperative retraction. 
Underlying retina is normal (Stevenol’s blue, original magnification 
X40). 





Fig 4.—Preoperative fundus view. Thin linear 
membrane (arrow) resulting from retinal pig- 
ment epithelial cell injection into vitreous. 





Fig 2.—Preoperative fundus view. Dense Y-shaped membrane is 
between cotton sutures and chorioretinal scar. 





Fig 5.—Postoperative fundus view. Membrane was measured as being 
3000 um from retina but fiberoptic was within 2000 um of retina during 
surgery. Membrane was cut in 31 pulses at 4.1 to 4.8 mJ per pulse with 
relief of tension and production of three nonhemorrhagic retinal lesions 
(arrow). 


Fig 3.—Postoperative fundus view. Membranes were cut 1200 um from 
retina. Arrow indicates membrane cut in 60 pulses at 3.8 mJ per pulse. 
Retina under treatment site is normal. Second case was cut at 5.0 mJ 
per pulse (150 pulses) and shows typical nonhemorrhagic retinal lesion 
(double arrow). 
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Fig 6.—Postoperative fluorescein angiogram. Double arrow shows 
hyperfluorescent lesion corresponding to laser-induced retinal injury 
seen in Fig 3. Single arrows indicate perforation sites and chorioretinal 
scar documented before surgery. 


Fundus Photography and Fluorescein 
Angiography 


Preoperative fundus photographs of all 
eyes were taken one to seven days before 
surgery with a wide-angle fundus camera 
(Canon CF-60ZA ). In some cases, preopera- 
tive fluorescein angiography was also done 
to permit postoperative differentiation of 
healed retinal scars from new laser inju- 
ries. The rabbits’ marginal ear veins were 
injected with 0.15 mL of 10% fluorescein 
sodium. Photography was completed with- 
in 12 minutes of injection. Immediately 
after surgery, fundus photographs and flu- 
orescein angiography were repeated to 
document tissue cutting and retinal dam- 
age. 


Histologic Findings 


Animals were killed by an intravenous 
injection of 0.5 mL of euthanasia solution 
(embutramide, 200 mg/mL; mebezonium 
iodide, 50 mg/mL; and tetracaine hydro- 
chloride, 5 mg/mL) after which the eyes 
were immediately enucleated and fixed in 
Karnovsky’s solution (2% paraformalde- 
hyde and 2.5% glutaraldehyde in 0.05 mol/ 
L of sodium cacodylate buffer). Light 
microscopy was done on cut membranes 
(three eyes) and retinal lesions (three eyes) 
that had been carefully dissected and 
embedded in a water-soluble plastic resin 
(JB-4). Sections were examined under a 
photomicroscope (Olympus). Finally, 
transmission electron microscopy was per- 
formed on the cut edge of a membrane. 
This membrane was postfixed in osmium 
tetroxide, dehydrated through a graded 
series of alcohol soaks, and embedded in 
epoxy resin (Quetol). Ultrathin silver sec- 
tions were cut on an ultramicrotome (Sor- 
vall MT6000) and viewed on a transmission 
electron microscope (Philips CM10). 


RESULTS 


A total of 34 membranes were 
treated in 21 eyes. Three eyes from the 


suture group were excluded because of 
inadequate membrane formation. In 
each case, the membrane was at least 
partially cut. Distances of membranes 
from the retinal surface varied from 
500 to 3600 um, with a mean distance 
of 1800 um (SD, 1000 wm). The thresh- 
old energy for clinically evident mem- 
brane ablation (ie, ablation noticeable 
to the surgeon after ten pulses) was 
3.6 mJ per pulse (fluence, 4.5 J/cm’). 
Energy levels used for membrane cut- 
ting were between 3.6 and 14 mJ per 
pulse (fluence, 17.4 J/cm’), although 
energy levels greater than 8.2 mJ per 
pulse (fluence, 10.2 J/cm’) were used 
in only two cases. Repetition rates 
varied from 1 to 5 Hz, although most 
experiments were done at 1 or 2 Hz. 
The total number of pulses needed 
depended on characteristics of the 
membranes such as density, tension, 
and position, as well as the energy 
used. 

Sixteen membranes were cut with- 
out evidence of laser-induced retinal 
damage (Fig 1), including one that 
was only 800 um from the retinal 
surface. The remaining 18 cases had 
minor retinal injuries that included 
ten small (<300 um) nonhemorrhagic 
retinal burns (Figs 2 to 6) and nine 
mild (<300 um) retinal hemorrhages. 
One case had both hemorrhagic and 
nonhemorrhagic lesions. Retinal le- 
sions were more frequent when the 
fiberoptic was perpendicular rather 
than tangential to the retinal surface. 
In 17 of 18 cases with retinal lesions, 
the fiberoptic was within 2000 um of 
the retina. Fluorescein angiograms 
were obtained in 22 cases (12 eyes). 
The retina under 11 of these mem- 
branes was normal. The nonhemor- 
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Fig 7.—Histologic view of typical nonhemorrhagic retinal lesion. Lesion 
was made in normal rabbit eye with ten pulses at 4.1 mJ per pulse at 
distance of 1000 um from retina. Section shows disruption of retina 
over 270-um distance, with rupture of retinal pigment epithelial cell 
layer and Bruch’s membrane (curved arrow). Choroid demonstrates 
coagulative necrosis under break in Bruch’s membrane, while normal 
vessels are seen in adjacent choroid (straight arrows). Normal- 
appearing sclera is seen below choroid (Stevenol’s blue, original 
magnification X 100). 


rhagic retinal burns appeared as focal 
areas of hyperfiuorescence (Fig 6), 
while the areas of retinal hemorrhage 
appeared hypofluorescent due to fluo- 
rescein blockage by blood. Four of the 
cases were vascular detachments of 
the medullary ray that were success- 
fully cut without evidence of hemor- 
rhage from medullary ray vessels. 4 

Retinal damage thresholds were 
determined for positions of the fiber- 
optic 1000, 1500, and 2000 um from the 
retina. Using ten pulses per location, 
retinal lesions were produced at 
energy levels of 3.6 and 10 mJ per 
pulse for distances of 1000 and 1500 
um, respectively. Energy levels up to 
10 mJ per pulse for 30 pulses did not 
produce retinal lesions 2000 um or 
farther from the retina. All lesions 
produced were less than one fiber 
diameter (320 um) in width (Fig 7). 

The low hydroxyl-fused silica fiber- 
optic probe was stable at energies wel] 
in excess of those used to cut vitreous 
membranes. Energy outputs greater 
than 18 mJ per pulse could be sus- 
tained at 10 Hz for ten minutes with- 
out evidence of fiber damage. The ZrF 
fibers sustained outputs greater than 
25 mJ per pulse at 2 Hz for ten 
minutes in air. Once placed in a wet 
field, however, the energy output con- 
sistently deteriorated over three to 
four minutes to less than 50% of the 
original level. The output end of the 
fiber showed blockage by a homoge- 
neously condensed material. The sap- 
phire tip used with the ZrF fiber was 
stable in a wet field. 


Histopathology 


Figures 1 and 8 show light micro- 
graphs of transected fibrous mem- 
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Fig 8.—Histologic view showing membrane cut on two sides (Fig 3). 
‘Single and double arrows correspond to treatment sites shown in Fig 3. 
Condensed vitreous is seen diffusely throughout section (arrowhead) 
(Stevenol’s blue and Azure Il, original magnification X40). 


branes. The membrane in Fig 8 was 
cut with pulse energy levels of 3.8 to 
5.0 mJ per pulse at a distance of 1200 
um from the retina. Staining with 
methylene blue and azure II revealed 
a thermal zone of damage of 18 to 60 
um in unablated tissue adjacent to the 
target tissue. In this zone, the collage- 

j nous framework of the membrane is 
disrupted and no intact fibroblast 
nuclei can be identified. In a more 
neatly transected membrane, this 
zone was as small as 5 to 18 um. 
Figure 1 demonstrates normal retina 
beneath a membrane cut 2200 um 
from the retinal surface. Figure 7 
shows a typical nonhemorrhagic reti- 
nal lesion in which the retina and 
choroid have been disrupted over a 
270-um zone with no damage to sclera 
evident. Transmission electron mi- 
croscopy (Fig 9) shows carbonization 
and fragmentation of tissue along the 
cut edge of the membrane, with coag- 

+ ulation of collagen fibrils extending 60 
um into the membrane. 


COMMENT 


Pulsed infrared laser energy emit- 
ted from an erbium-YAG laser (2.94 
um) and transmitted through an opti- 
cal fiber was used to successfully 
transect experimental vitreous mem- 
branes. The erbium-YAG laser emis- 
sion wavelength of 2.94 um corre- 
sponds to the highest peak on the 
absorption spectrum of water,’ with 
an absorption length of 1 um. This 
spatial confinement of energy deposi- 
tion permits tissue ablation to occur 

‘ at low levels of energy and minimizes 
thermal damage to adjacent vulner- 
able structures.***? Previous studies 
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of corneal incisions made with short 
pulsed doses of radiation (<500 ns, 2.7 
to 3.0 um) report a zone of thermal 
damage as small as 1.0 um for low 
fluences.'*'? Peyman et al, using an 
erbium-YAG laser (200-us_ pulse 
width), found a 5 to 15-um zone of 
coagulative necrosis in cornea, which 
is comparable with that found in our 
study (5 to 18 um) for neatly tran- 
sected vitreous membranes. By short- 
ening the pulse width to less than the 
tissue’s thermal relaxation time (1.7 
us for 2.9-um radiation in water’), 
ablation may be optimized since less 
energy would diffuse away from the 
treatment site during the pulse. 
Shortening of the pulse width is lim- 
ited, however, by the generation of 
high peak powers that may cause 
damage to optical fibers. 

Alternative sources for laser vitre- 
ous surgery have failed to achieve 
widespread acceptance.*'*** The car- 
bon dioxide laser emits at 10.6 wm in 
the midinfrared region, which has an 
absorption length in water approxi- 
mately ten times that of 2.94-um radi- 
ation. Consequently, the carbon diox- 
ide laser produces greater thermal 
damage to surrounding tissue. Meyers 
et al’? reported consistent retinal 
lesions 2 mm in diameter when oper- 
ating within 2 mm of the retina, 
whereas the erbium-YAG laser only 
rarely produced small lesions (<320 
um) at this distance. The carbon diox- 
ide laser also has the disadvantage of 
a cumbersome delivery system con- 
sisting of either an articulated arm or 
a polycrystalline fiber encased in a 
stainless steel tube. 

Pellin et al” used 308-nm radiation 
from a xenon chloride excimer laser to 


Fig 9.—Transmission electron microscopy. Electron dense areas along 
cut edge of membrane (arrows) indicate carbonization of tissue via 
thermal mechanism. Fragmentation of tissue is also seen along edge, 
while coagulation of collagen fibrils extends 60 um into membrane (not 
shown) (original magnification X2200). 


cut vitreous membranes in rabbits. 
While 193 nm seems to be the optimal 
ultraviolet wavelength for tissue cut- 
ting in the cornea,’ it cannot be 
effectively transmitted through avail- 
able fiberoptics and would not be 
propagated in vitreous due to its 
strong absorption by chloride ions. 
Radiation of 248 nm results in corneal 
incisions almost as precise as 193 nm, 
but similarly cannot be transmitted 
through fiberoptics.* Xenon chloride 
laser radiation, however, can be trans- 
mitted through quartz fiberoptics. 
The theoretical hazards of photo- 
chemical damage to ocular structures 
from near-ultraviolet radiation re- 
quires further exploration.” 

In this study, the erbium-YAG laser 
was found to provide a practical 
means of cutting vitreous membranes 
with minimal retinal traction or inju- 
ry. The cutting of membranes was 
precise, without formation of vapor 
bubbles or vitreal condensation. All 
attempts to cut membranes were suc- 
cessful. While 18 of the 34 cases had 
some form of retinal lesion, the fiber- 
optic was within 2000 um of the retina 
in 94% of these cases and no attempt 
was made to shield the retina from 
injury. Retinal injuries consisted of 
nonhemorrhagic burns and retinal 
hemorrhages. The nonhemorrhagic 
retinal lesions were small enough (200 
to 300 wm) that their presence in 
extramacular sites would not preclude 
use of the laser. A number of factors 
can be identified that are crucial in 
causing retinal injury, including 
energy density per pulse, number of 
pulses delivered to a given location, 
distance of the fiberoptic from the 
retina, repetition rate, and orienta- 
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tion of the fiberoptic relative to the 
retina. 

In the diseased human eye, mem- 
branes frequently lie very close (<500 
um) to the retina. While we did not 
attempt to cut membranes this close 
to the retina, we did cut several that 
were less than 1000 um from the reti- 
na. At this distance, the best results 
were obtained with near-threshold 
(3.6 mJ per pulse) energy levels, a slow 
repetition rate (ie, 2 Hz), and slight 
movement of the fiberoptic along the 
membrane to prevent excessive irra- 
diance of any given spot. At higher 
repetition rates, we observed what 
may have been convection currents of 
hot fluid vitreous displacing free tis- 
sue fragments in the vitreous. This 
observation is consistent with the 
results of Meyers et al’ using an 
intraocular pulsed carbon dioxide 
laser. It is presumed that these hot 
jets of vitreous flow to the retina and 
may be responsible for the retinal 
lesions. These lesions do not result 
from direct laser irradiance to the 
retina, since the short absorption 
length at 2.94 um results in an effec- 
tive fluence of 0 at the retina. 

Lesions such as the one shown in 
Fig 6 may be prevented by placing a 
shield between the fiber tip and the 
retina. While our delivery system 
resulted in perpendicular irradiance 
from a straight fiberoptic or sapphire 
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tip, a right-angle fiber tip encased in a 
vitreal pick to protect the retina may 
allow segmentation and delamination 
of epiretinal membranes without pre- 
coagulation of vascularized struc- 
tures. Such a right-angle tip may also 
enable the vitreous surgeon to tran- 
sect subretinal membranes by passing 
the fiberoptic through a preexisting 
or iatrogenic retinal hole.'P!3?!52) 
While a right-angle tip may decrease 
the efficiency of the delivery system, 
we expect that clinically useful energy 
levels will still be easily obtained at 
the fiber tip. 

Results from cases of vascularized 
membranes or detachments of the 
medullary ray demonstrate a coagula- 
tive effect from the erbium-YAG laser 
at energy levels greater than 5.0 mJ 
per pulse. None of the vascularized 
structures produced hemorrhage 
when energy levels greater than 5.0 
mJ per pulse were used; energy levels 
below this caused mild hemorrhage in 
two of three cases. 

The fiberoptic delivery system used 
in this study requires further refine- 
ment. While the low hydroxyl-fused 
silica fibers were stable at energy 
levels well in excess of those used to 
cut membranes, their high attenua- 
tion necessitates the use of short 
fibers and may preclude their practi- 
cal use in vitreous surgery. Despite 
their brittleness, ZrF fibers offer the 
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best opportunity for fiberoptic deliv- 
ery. These fibers have extremely low 
attenuation at 2.9 um (<12 dB/km),! 
and are stable at high energy levels 
when used in air but have markedly 
diminished outputs when placed in a 
wet field. Preliminary results in- 
cluded in this study with ZrF fibers 
encased in sapphire tips for wet-field 
use are encouraging. The low attenua- 
tion of ZrF permits the use of fibers 
several meters long and may make 
their use in surgery feasible. 

The erbium-YAG laser shows 
potential for clinical use in cutting 
both avascular and vascular vitreous 
membranes. Further studies are 


needed to better define the optimal } 


delivery system and surgical tech- 
nique so that effective tissue ablation 
can be accomplished with minimal 
retinal injury. 
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A Comparison of Two Preservation Media (CSM and K-Sol) 


by Scanning Electron Microscopy of 
Preserved Corneal Endothelium 


David D. Saggau, MD, William M. Bourne, MD 


@ We compared by scanning electron 
microscopy the structural preservation of 
the endothelium of three groups of human 
corneas after 14 days of refrigerated stor- 
age in media, with one eye in K-Sol and 
the fellow eye in CSM. Each group used a 
different production lot of CSM and K-Sol. 
Group 1 comprised ten corneal pairs, and 
groups 2 and 3 each comprised six corne- 
al pairs. In group 1, K-Sol provided better 
preservation for each of the ten corneal 
pairs, but CSM was equal or possibly 
superior to K-Sol in groups 2 and 3. Varia- 
tion between different lots from the same 
manufacturer probably explains’ the 
results, which emphasizes the need for 
consistency in the composition of these 
preservative media. Large areas of endo- 
thelial cell disruption were found in the 
periphery of the majority of the corneas. 
Seven of the 44 corneas had no viable 
endothelial cells. As storage times 
increase, methods are needed to detect 
corneas that are not well preserved. We 
found no consistent differences in the 
efficacy of corneal preservation between 
CSM and K-Sol. 

(Arch Ophthalmol 1989; 107:429-432) 


he maximum duration of human 

corneal preservation has increased 
from three to four days with McCar- 
ey-Kaufman (M-K) medium’? to one 
to two weeks with K-Sol,*° a solution 
that contains chondroitin sulfate. 
Other storage techniques allow for 
long-term donor corneal preserva- 
tion,** but their special procedures 
and cost are prohibitive for most eye 
banks. A comparison of K-Sol and 
M-K medium by electron microscopic 
investigation of human donor corneas 
that were stored for 14 days showed 
improved morphologic preservation of 
endothelial cells from corneas that 
were stored in K-Sol.? Subsequent 
clinical investigation found no statis- 
tically significant difference in endo- 
thelial cell loss, noted two months 
after penetrating keratoplasty, be- 
tween donor corneas that were stored 
for one to 13 days in K-Sol and corne- 
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as that were stored for one to four 
days in M-K medium.” 

A second chondroitin sulfate-con- 
taining preservation solution, CSM, is 
also commercially available. The CSM 
and K-Sol contain different concen- 
trations of chondroitin sulfate and a 
different type of nutritional base (Ta- 
ble 1). We compared these two solu- 
tions by scanning electron microscopy 
(SEM) of human donor corneas after 
storage for 14 days at 4°C. 


MATERIALS AND METHODS 


We stored 22 pairs of human corneas for 
14 days at 4°C in media, with one eye of 
each pair in K-Sol and the other in CSM. 


1.35% chondroitin sulfate 
Minimum essential medium 


25 mmol/L of HEPES buffer 

67 mg/L of gentamicin sulfate 

0.1 mmol/L of nonessential amino acids 
2.0 mmol/L of L-glutamine 

1.0 mmol/L of sodium pyruvate 
Mercaptoethanol (antioxidant) 


The solutions were obtained from their 
manufacturers (K-Sol from Cilco Inc, Belle- 
vue, Wash; and CSM from Aurora Bio- 
logicals Ltd, Williamsville, NY). The cor- 
neal pairs were evaluated in three groups 
with three different manufacturers’ pro- 
duction lots of both K-Sol and CSM. 

We obtained paired corneas from donors 
eligible for transplantation, except for sys- 
temic illness or advanced donor age. After 
enucleation, we removed the corneas by 
standard eye bank techniques, placed them 
in preservation solution within 12 hours of 
donor death, and stored them at 4°C. For 
the ten corneal pairs in group 1, we deter- 
mined the pH and osmolality of the solu- 
tions after 14 days of storage. 

All corneas were warmed to room tem- 
perature after storage for 14 days and then 


2.5% chondroitin sulfate 
Tissue culture medium 199 
50 mmol/L of HEPES buffer 
70 mg/L of gentamicin sulfate 





* Modified from Lindstrom et al'' and Doughman et al. '@ 


Fig 1.—Drawing of cornea shown in Fig 2, top right. Because of total endothelial cell disruption in 
periphery of some corneas, we calculated average percentage of nondisrupted endothelial 


surface according to formula at right. 


Average % Nondisrupted Endothelial Surface = 


(b,)? 


(b,)? 
3 


(a,)? 
(b,)? 


a = Radius of Nondisrupted Endothelial Surface 
b = Radius of Endothelial Surface 
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Fig 2.—Corneal pair that demonstrates method of analysis and importance of evaluating entire endothelial surface. Central endothelium 
of each cornea is shown at top and bottom left (X500), and entire half cornea of each, respectively, is shown at top and bottom right 
(X10). (See Fig 1 for explanation of letters and numbers in top right.) Despite similar appearance of central endothelium of both 
corneas, which have 97% of endothelial cell membranes intact, percentages of total cell preservation are much different (57% for 
cornea at top left and right, 97% for cornea at bottom left and right). Difference in total cell preservation is explained by difference 
between percentages of endothelial surface with intact cells. Cornea at top left and right has only 59% of endothelial surface intact 
compared with 100% of cornea at bottom left and right, which has no peripheral zone of total cellular disruption. In peripheral area of 
disruption of cornea at top left and right, there are no intact cells remaining, but within central area, endothelial cells appear similar to 
those of the cornea at bottom left and right (both were rated as 97% of cells intact). Endothelial cell population was homogeneous over 
entire surface of cornea at bottom left and right. 


placed in a 36°C water bath for two hours. 
Previous investigators demonstrated 
greater similarity between morphologic 
preservation of corneal endothelial cells, 
determined by SEM, and physiologic pres- 
ervation, indicated by vital staining, if the 
corneas were warmed before fixation.’ We 
investigated the effects of warming before 
fixation by storing two corneal pairs in 
K-Sol and two in CSM for two weeks at 
4°C. One cornea was warmed to 36°C for 
two hours, and the fellow cornea was kept 


at room temperature for two hours before 
fixation. 

After warming, the corneas were fixed 
in Trump’s solution (4% formaldehyde and 
1% glutaraldehyde) at room temperature 
and bisected, and one half of each cornea 
was processed for SEM. The techniques 
used for processing have been described 
previously.’ A scanning electron micro- 
scope (ETEC Autoscan) was used for all 
examinations. One investigator (D.D.S.) 
evaluated the corneal endothelium in a 
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masked fashion. We obtained three X500 
photomicrographs of the central endotheli- 
um and one X10 photomicrograph of the 
entire endothelial surface of the coded 
specimens. From the three X500 photomi- 
crographs, we determined the mean per- 
centage of nondisrupted central endotheli- 
al cells (those with intact cell membranes). 
From the X10 photomicrographs of each 
half cornea, we determined the percentage 
of the entire endothelial surface with 
intact cells remaining (Fig 1). This mea- 
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Intact Central 


Pair 


2 42 90 
3 97 99 
4 0 100 
5 0 99 
6 96 96 
7 80 99 
8 97 97 
9 93 97 
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Intact Central 
Endothelial Cells, 


Corneal 
Pair 


Intact Central 
Endothelial Cells, 
% 
Corneal 
Pair 


* By Wilcoxon rank-sum test. 


surement was necessitated by a peripheral 
concentric zone of total cell disruption in 
many of the specimens (Fig 2). The central 
endothelium may not reflect the total cell 
loss; for this reason, we looked at the entire 
endothelial surface. We used the product of 
the average percentage of nondisrupted 
central endothelial cells and the percent- 
~ age of the nondisrupted corneal surface as 
an index of total endothelial cell morpho- 
logic preservation. We used the Wilcoxon 
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17 100 14 99 
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Corneal Surface, 
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Nondisrupted 
Total Cell 
Preservation, % 


Nondisrupted 
Corneal Surface, 


Total Cell 
Preservation, % 





rank-sum test to determine the signifi- 
cance of differences between results with 
the two solutions; correlations were tested 
with the Spearman coefficient of correla- 
tion. A P of .05 or less was considered to be 
statistically significant. 


RESULTS 


The results with the three groups of 
corneas differed. In group 1, the cor- 
nea that was stored in K-Sol had 










greater endothelial cell preservation 
than the fellow cornea that was stored 
in CSM for all ten corneal pairs (Table 
2). There were three corneas that were 
complete preservation failures with 
no remaining endothelial cells; they 
were all stored in CSM. Groups 2 and 
3 did not have a statistically signifi- 
cant difference in cell preservation 
(Tables 3 and 4). Two corneas in each 
of groups 2 and 3 were complete pres- 
ervation failures; they were all stored 
in K-Sol. 

The results of our test of warming 
the corneas for two hours before fixa- 
tion are shown in Table 5. No effect 
was seen in three of the four corneal 
pairs. In the fourth pair, the cornea 
that was heated had 89% of the corne- 
al surface disrupted, with only a cen- 
tral island of undamaged endothelium 
remaining that constituted 11% of the 
surface. 

The mean age of the donors was 
69.3, 76.5, and 66.3 years for groups 1, 
2, and 3, respectively. The time from 
donor death to preservation ranged 
from one to 12 hours; the mean for the 
three groups was 6.9, 6.7, and 4.3 
hours, respectively. There were no 
statistically significant correlations 
between cell preservation and donor 
age, death to preservation time, pH 
and osmolality of the solutions, or 
widths of the scleral rims. The causes 
of death and the proportion of donors 
on respirators were similar in each 
group. 

The pH and osmolality were deter- 
mined after 14 days of storage for all 
solutions in group 1. The mean pH 
was 7.29 for both solutions (range, 
7.22 to 7.35 for CSM and 7.21 to 7.40 
for K-Sol). The mean osmolality was 
353.2 mosm (range, 347 to 355 mosm) 
for CSM and 320.8 mosm (range, 314 
to 326 mosm) for K-Sol. 


COMMENT 


This comparison of two chondroitin 
sulfate-containing corneal preserva- 
tion solutions, CSM and K-Sol, yielded 
inconclusive results. In terms of endo- 
thelial preservation, CSM was inferi- 
or to K-Sol in group 1, but equal or 
possibly superior to K-Sol in groups 2 
and 3. These results are best explained 
by the variability in the composition 
of different lots of preservative medi- 
um from the same manufacturer. 
There were no other intergroup vari- 
ables; all corneal pairs were handled 
identically by one individual (D.D.S.), 
and all were examined in a masked 
fashion. In fact, the manufacturer 
indicated that the source and purifica- 
tion of chondroitin sulfate in CSM 
was different in groups 2 and 3 from 
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SS Se aia 
Intact Central 
Endothelial Cells, 
% 
Storage 


Medium 20°C * 


36°C * 


Total Cell 
Preservation, 


97.5 71.0 





* After two weeks of storage at 4°C, one cornea of each pair was warmed in its container to 36°C for two 
hours, and the fellow cornea was warmed to room temperature (20°C) for two hours. Both corneas were then 


placed in Trump's fixative solution at room temperature. 


those in group 1. The CSM in group 1 
may not have been intended for clini- 
cal use, and that in groups 2 and 3 may 
have been more representative of the 
solution that is currently available 
commercially. Nevertheless, the best 
explanation for the variability in 
results is the variability in the compo- 
sition of the media; our dependence 
on, and the need for, consistency in 
the composition of these preservative 
media by the manufacturers is obvi- 
ous. 

Disruption of cellular membranes is 
an irreversible change that is less 
difficult to quantitate by SEM than 
other cellular morphologic changes. 
Scanning electron microscopy has 
also been used for descriptive analysis 
of cellular shapes and borders. Stein 
et al? found that a quantitative com- 
parison of the percentage of central 
endothelial cells with or without 
intact cell membranes, as determined 
by SEM, detected differences between 
the preserved corneas that were not 
appreciated by a descriptive analysis 
of the endothelial cells of these same 
corneas by SEM or transmission elec- 
tron microscopy. 

The seven corneas that were com- 
plete preservation failures are dis- 
turbing because there would have 
been no way to detect them before 
transplantation. As corneal storage 
times increase, we need to develop 
methods to detect those corneas that 
are not well preserved. 

The corneas in this study were han- 
dled according to standard eye bank 
techniques; yet, many had peripheral 
endothelial disruption. We have no 
reason to believe that the condition of 
these corneas is different from those 
used clinically after storage for 14 
days. The pattern of disruption also 
may possibly exist after shorter peri- 
ods of storage. We reviewed corneas 
from a previous study’ that were sim- 
ilarly prepared for SEM evaluation 
after various storage times and found 
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the same pattern of peripheral endo- 
thelial disruption in one third of 
them. 

The morphology of the concentric 
zone of confluent cell disruption is not 
consistent with the artifact of han- 
dling because direct mechanical dam- 
age from bending or torque of the 
tissue is usually manifest as well- 
defined striate cell loss. A biochemical 
explanation is unlikely because there 
were areas of endothelium with 
extreme disruption adjacent to areas 
with excellent structural preserva- 
tion. It is possible that this peripheral 
disruption is the direct result of irido- 
corneal contact during enucleation or 
during removal of the corneoscleral 
rim. The manipulation of the globe 
that occurs with enucleation and 
removal of the corneoscleral rim can 
distort the anterior segment, possibly 
causing the iris to touch the cornea. If 
this is the mechanism of cellular dis- 
ruption, it could probably be avoided 
with anterior segment expansion of 
the soft donor eye with preservative 
medium before manipulation. This 
hypothesis remains untested. 

We noted peripheral endothelial 
disruption in one of the four corneas 
that were used to test the effect of 
warming to 36°C for two hours before 
fixation. None of the four corneal 
mates that were kept at room temper- 
ature exhibited the peripheral change. 
Thus, the peripheral endothelial dis- 
ruption may not be evident by SEM 
unless the tissue is warmed. This does 
not mean that the warming caused 
the disruption; rather, the warming 
allowed the nonviable endothelial 
cells to become manifest.’ Warming 
the tissue to 36°C mimics the change 
in temperature that occurs with cor- 
neal transplantation. Because the tis- 
sue remains in preservative medium 
rather than in a recipient eye during 
warming, our method is not complete- 
ly analogous to the clinical situation. 
We believe, however, that it provides 
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a better approximation of the clinical 
situation than if the tissue were 
immediately fixed without heating. 

In summary, we evaluated the 
structural preservation of human cor- 
neas stored for 14 days in either CSM 
or K-Sol and found no consistent dif- 
ferences between the two chondroitin 
sulfate-containing preservation solu- 
tions. We found different results with 
different lots of the same preserva- 
tion solution, suggesting inconsisten- 
cies in composition of the media. 
Peripheral endothelial cell disruption 
significantly affected the total endo- 
thelial cell preservation. The periph- 
eral disruption is currently unex- 
plained; it indicates the necessity for 
careful evaluation of the peripheral 
cornea in future studies. Seven of the 
44 corneas had no viable endothelial 
cells. We need to develop methods to 
detect the small percentage of corneas 
that do not tolerate prolonged stor- 
age. 


This study was supported in part by grant EY 
02037 from the National Institutes of Health, 
Bethesda, Md, by Research to Prevent Blindness, 
Inc., New York, and by the Mayo Foundation, 
Rochester, Minn. 
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Massive Follicular Lymphoid Hyperplasia 


in Experimental Allergic Conjunctivitis 


Local Antibody Production 
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è Acute and recurrent allergic conjunc- 
tival reactions were induced in guinea 
pigs by repeated conjunctival applica- 
tions of fluoresceinyl ovalbumin (FL-OA) 
for up to 30 months. Early type | conjunc- 
tival reactions developed 11 to 25 days 
after the initial conjunctival exposure to 

FL-OA. Continuous topical challenges dur- 
igh a six- to 30-month period caused a 
variety of reactions, including papillary 
changes and massive hyperplasia of the 
conjunctival-associated lymphoid tissues. 
Hyperplasia of lymphoid tissues was 
induced during a shorter period (two to 
five months) with a mixture of FL-OA and 
phorbol ester. Culture fluid from hyper- 
plastic conjunctival lymphoid tissue 
showed a ratio of IgG1/IlIgG2 antibody 
production of up to 15. A low level of 
recurrence of type | reactivity, after an 
initial desensitization phenomenon due to 
a loss of reactive mast cells, correlated 
with prominent follicular hyperplasia of 
J the conjunctival-associated lymphoid tis- 
sue. 

(Arch Ophthalmol 1989; 107:433-438) 


Hem allergic conjunctivitis may 
have a varied expression, present- 
ing as follows: hay fever; vernal, atop- 
ic, contact lens-related (eg, giant pap- 
illary), or drug-induced allergic 
conjunctivitis; allergic conjunctivitis 
secondary to infectious agents (eg, 
staphylococci and Chlamydia); or non- 
specific allergic conjunctivitis of 
unknown etiology. Type I immuno- 
pathologic reactions, mediated by 
k homocytotropic (eg, IgE) antibodies 
and mast cells/basophils, are the 
principal cause of classic hay fever, 
and these reactions may play a role in 
other forms of allergic conjunctivitis. 
However, chronic allergic conjunctivi- 
tis may be dominated by clinical and 
histopathologic features (eg, giant 
conjunctival papillae and follicles) 
that differ from those of classic hay 
fever. These varied expressions of 
human allergic conjunctivitis may be 
the result of the interactions of differ- 


ent combinations of synergistic or 
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suppressive humoral and cellular 
immunopathologic mechanisms.’ 

To investigate the role of different 
immunopathologic mechanisms in 
chronic allergic ocular reactions, we 
have studied acute and recurrent 
allergic conjunctivitis in a guinea pig 
model. We previously reported as- 
pects of IgE antibody-mediated acute 
conjunctival reactions and vernal-like 
changes that developed after recur- 
rent conjunctival challenge with hap- 
tenated protein and parasite anti- 
gens. The present report further 
characterizes immunopathologic 
changes, including massive follicular 
hyperplasia of conjunctival-associ- 
ated lymphoid tissue and local anti- 
body production, that occurred on 
long-term, repeated topical conjuncti- 
val challenges with antigen. 


MATERIALS AND METHODS 


Hartley female guinea pigs (weight 
range, 500 to 600 g), in groups of ten to 20 
animals (total, 200 animals), were sensi- 
tized topically, either unilaterally or bilat- 
erally, by the instillation of a drop of 
fluorescein isothiocyanate that was conju- 
gated to ovalbumin (fluoresceinyl thiocar- 
bamyl-ovalbumin [FL-OA], 20 to 30 mg/ 
mL) into the conjunctival sac, two to four 
times each day for 1% weeks. A single 
daily topical conjunctival challenge with 
FL-OA antigen was continued, unilaterally 
or bilaterally, two to six times each month 
for up to 30 months in selected guinea pigs. 
Other animals were initially sensitized 
topically with FL-OA for two to six 
months, and then infected with Ascaris 
suum by injecting 10000 embryonated eggs 
subcutaneously four times at ten- to 30-day 
intervals. Topical sensitization with FL- 
OA was continued at seven- to ten-day 
intervals for eight to 12 months after 
infection. Other guinea pigs were sensi- 
tized topically with FL-OA and injected 
subcutaneously with either 10 to 50 ug of 
Bordetella pertussis extract, or 2 to 5 mg of 
FL-OA in complete Freund’s adjuvant giv- 
en at multiple sites at 20- to 30-day inter- 
vals. Other animals were treated by topical 
application of FL-OA and phorbol ester 
(12-myristate, 13-acetate phorbol; 0.01 to 
0.1 mg/mL) for up to five months. 

Ocular type I reactivity after topical 
challenge was graded on a 0 to 4+ scale.'? 
Passive sensitization of guinea pig con- 
junctiva with IgE antibody, followed seven 
to ten days later by intravenous challenge 
with antigen, was accomplished as previ- 
ously described.'* The IgE antibodies, spe- 


cific either for the fluoresceiny! haptenic 
determinant or the ascarid antigen, were 
produced by immunizing guinea pigs with 
fluoresceinyl thiocarbamyl-A suum anti- 
gen, which was injected subcutaneously 
three times at four-week intervals. The 
unique specificity of the IgE anti-fluores- 
cein antibody was established by eliciting 
passive (P-K) cutaneous, conjunctival, and 
systemic anaphylactic reactions in guinea 
pigs, with fluorescein covalently coupled 
to an autologous protein (fluoresceinyl 
thiocarbamyl-guinea pig serum albumin 
[FL-GPA)]). 

Eyes routinely were enucleated 30 to 50 
minutes after topical conjunctival chal- 
lenge. Tissues were fixed in 2.0% formalde- 
hyde and 0.5% glutaraldehyde (pH 7.4), 
embedded in paraffin, and stained as pre- 
viously described.'’ In selected instances, 
tissues were fixed in 2.5% glutaraldehyde, 
0.12 mol/L calcium chloride, and 0.0645 
mol/L cacodylate buffer (pH 7.4) and 
embedded in Polybed (Polysciences Inc, 
Warrington, Pa). One-micrometer sections 
were stained either with Giemsa stain, 
methylene blue and azure II, or Luna’s 
eosinophil stain. The time course of eosino- 
phil infiltration in the conjunctiva follow- 
ing an IgE antibody-mediated local type I 
reaction was determined in a group of 14 
normal guinea pigs that were passively 
sensitized by subconjunctival injections of 
IgE anti-fluorescein or anti-A suum anti- 
bodies. Conjunctival type I (P-K) reactions 
(3 to 4+) were elicited seven days after 
passive sensitization by intravenous injec- 
tion of FL-GPA or A swum antigen, respec- 
tively. Eyes and eyelids were removed 1, 24, 
48, 72, 96, 120, and 144 hours after antigen 
challenge, and processed for light micros- 
copy with Luna’s eosinophil stain, or 
Unna’s mast cell stain.'’ 

In selected instances, hyperplastic con- 
junctival lymphoid tissue was removed by 
biopsy with the guinea pigs under general 
anesthesia and processed for light micros- 
copy in Polybed, or frozen sections were 
used for immunoperoxidase staining for 
immunoglobulins. Cryostat sections (12 
um) were fixed in acetone and pretreated 
with normal goat serum. For IgG, sections 
were incubated with a horseradish peroxi- 
dase-conjugated goat anti-guinea pig IgG 
(Cooper Biomedical, Malvern, Pa). For IgA, 
sections were incubated with rabbit anti- 
rat IgA (cross-reactive with guinea pig 
IgA), and then with peroxidase-conju- 
gated, affinity-purified goat anti-rabbit 
IgG (Pel-Freez Biologicals, Rogers, Ark). 
Sections were washed, reacted with diami- 
nobenzidine (0.5 mg/mL in phosphate- 
buffered saline), washed, incubated with 
cupric sulfate (0.5% in saline), and coun- 
terstained with methylene blue. 
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Organ cultures were prepared from the 
conjunctiva of highly sensitized guinea 
pigs with ocular type I reactivity of 2+ or 
greater (sensitized for two to five months). 
Conjunctival tissues, including lymphoid 
organs (1- to 2-mm sections), were trans- 
ferred to ice-cold sterile saline (three 
times) that contained 100 U/L of penicillin, 
100 mg/L of streptomycin, 100 mg/L of 


amphotericin B, and 1 mg/L of FL-OA, with 
or without 0.5- to 1 mg/mL of lipopoly- 
saccharide (LPS), for 2% hours, and then 
incubated for 45 minutes at 22°C in Dulbec- 
co’s Modified Eagle Medium (DMEM). The 
tissues then were incubated in culture 
plates (precoated in some instances with 
FL-OA) with a drop of fresh normal guinea 
pig plasma that contained 100 mmol/L of 
calcium chloride to promote attachment for 
one hour, and then in DMEM that contain- 
ed 10% fetal calf serum and antibiotics 
(growth media) with or without LPS (20 
mg/L) for seven to 18 days, under 95% air 
and 5% carbon dioxide at 37°C. 

Single-cell suspensions were prepared 
from hyperplastic conjunctival lymphoid 
tissues and spleens, removed from anes- 
thetized guinea pigs (repeatedly sensitized 
with FL-OA for 24 to 30 months), and 
digested with 0.6% collagenase in 25 
mmol/L of TRIS hydrochloride and 5 
mmol/L of calcium chloride (pH 7.4) for 
two hours at 37°C. Cells were seeded in 
multiwell plates (some precoated with FL- 
OA) in DMEM, and incubated in the pres- 
ence or absence of 10 mg/L of FL-OA or 
25-mg/L LPS for eight to 13 days. Cover- 
slips with adherent cultured conjunctival 
lymphoid cells were air dried and assayed 
for IgG and IgA by immunoperoxidase 
staining. 

Anti-FL-OA antibodies in media from 
organ or cell cultures, as well as in guinea 
pig sera, were assessed by enzyme-linked 
immunosorbent assay (ELISA), and for 
seven-day P-K (for IgE antibody) or 48- 
hour PCA (for IgE and IgG1 antibody) 
passive transfer reactions.'? The IgG, 
IgG1, IgG2, IgM, and IgA antibodies were 
determined by ELISA.' The IgG anti-FL- 
OA antibody was detected by a direct 
method using horseradish peroxidase-con- 
jugated goat anti-guinea pig IgG (Cooper 
Biomedical). IgGl, IgG2, IgA, and IgM 
were measured by an indirect method 






Duration of 
Challenge, mo 


No. of Eyes 
Evaluated 





8-10 160 
12-14 140 
16-18 76 
20-23 60 
25-30 40 


*FL-OA indicates fluoresceiny! ovalbumin. 
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using rabbit antisera to guinea pig IgG1, 
IgG2, or IgA, or goat antiserum to IgM, 
and affinity-purified horseradish peroxi- 
dase-conjugated goat anti-rabbit IgG or 
rabbit anti-goat IgG (Pel-Freez Biologi- 
cals). 

To determine the sensitivity and speci- 
ficity of the ELISA technique, IgG1 and 
IgG2 anti-FL-OA antibodies were purified 
from immune guinea pig serum for use as 
standards. Five milliliters of serum was 
applied to a solid-phase absorbent that 
consisted of FL-OA coupled to Affi-gel-10 
(Bio-Rad Laboratories, Rockville Centre, 
NY). Unbound material was washed out; 
antibodies were eluted with 0.05 mol/L of 
acetate-buffered saline (pH 4.0), dialyzed 
against 0.01 mmol/L of phosphate buffer 
(pH 7.4), applied to a DE-52 DEA E-cellu- 
lose column (Whatman, Maidstone, United 
Kingdom), and eluted with a linear phos- 
phate gradient from 0.01 to 0.3 mol/L. Two 
peaks were resolved: peak 1 that contained 
IgG2 antibody and peak 2 that contained 
IgG1 antibody. The protein content of 
pooled peak fractions was determined by 
measurement of the absorbance at 280 nm 
using an absorptivity, Ax , of 1.46 per 
milligrams of antibody protein. The cross- 
contamination of each standard, tested 
using anti-IgG1, anti-IgG2, anti-IgA, and 
anti-IgM, was less than 1%. The IgG1 and 
IgG2 antibodies were used to prepare stan- 
dard curves for the IgG1 and IgG2 ELISA 
assays, respectively. 


RESULTS 


Acute type I reactions were elicited 
within 11 to 25 days during the first 
course of repeated conjunctival appli- 
cations of FL-OA antigen. The mean 
peak activity of the early type I reac- 
tions was 3+ (+1 SD). During this 
period, no clinically apparent conjunc- 
tival changes were noted between 
recurrent reactions after the acute 
type I reaction had cleared (one to two 
hours) following each topical antigen 
challenge. After one to six months, 
conjunctival challenge with FL-OA 
produced additional changes. The pal- 
pebral conjunctiva became rough, 











Reactive 


Mean + SD Eyes, % 


1.0 + 0.6 80 1 0.6 
1.0 + 0.5 75 10 7 
0.9 + 0.6 70 11 14 
0.9 + 0.5 70 11 18 
0.9 + 0.5 65 12 30 


Eyes With Lymphoid 
Hyperplasia, No.t 
0.5-1 400 2.7 £ 68 70 


with exaggerated folds, furrows, and 
papillary changes. Dilation of the 
prominent central vessels of the papil- 
lae contributed to a beefy-red hyper- 
emia of the conjunctiva that was 
characteristically present after anti- 
gen challenge. The papillary (vernal- 
like) lesions were dominated histo- 
pathologically by extensive eosinophil 
infiltration in the conjunctival epithe- 
lium, with epithelial eosinophil densi- 
ties as great as 180 per high-power 
field (1250X magnification) so that 
eosinophils constituted as much as 
50% of the nucleated cells (inclusive 
of conjunctival epithelial and goblet 
cells) seen per field. These findings 
were particularly striking in a group 
of guinea pigs that were sensitized 
and challenged unilaterally with FL- 
OA with a late onset of the initial type 
I reactivity. 

Epithelial eosinophil densities were 
substantially less after a passive type 
I conjunctival P-K reaction, compared 
with the vernal-like lesions. When 
normal guinea pig conjunctivae were 
passively sensitized with IgE anti- 
body against fluorescein or A suum 
antigen, and challenged seven days 
later by intravenously injected FL- 
GPA or A suum antigen, respectively, 
the eosinophil counts in the conjuncti- 
val substantia propria increased pro-, 
gressively to a maximum mean value 
of 18 per high-power field at 48 hours 
after challenge, gradually decreasing 
thereafter but still remaining ele- 
vated at six days. A maximal infiltra- 
tion of four eosinophils per high-pow- 
er field was seen in the conjunctival 
epithelium at 48 hours. Conjunctival 
mast cell counts decreased from a 
normal mean value of 1.9 to 0.1 per 
high-power field within one hour 
after intravenous challenge with FL- 
GPA in eyes that were passively sen- 
sitized with IgE anti-fluorescein anti- 
body, and remained near this low level 
for six days. 
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tCumulative total number of eyes with lymphoid hyperplasia at a specified period, including guinea pigs that developed hyperplasia at an earlier time period, together 
with guinea pigs that developed hyperplasia at the stated period, less any animals that were lost or killed. 

Percentage of guinea pigs that developed hyperplasia at a specified time may be an underestimation, since selected guinea pigs with hyperplasia were killed at 
intervals for histologic and culture studies and removed from the later clinical evaluation. 
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Prominent follicle formation and 
massive hyperplasia of the conjuncti- 
val-associated lymphoid tissue were 
noted in some animals after 12 to 16 
months of continued intermittent top- 
ical conjunctival challenge with FL- 
OA (Table 1). These changes were 


most prominent in guinea pigs that 
had minimal type I conjunctival reac- 
tions to the later topical antigen chal- 
lenges on restimulation after the 
initial down-regulation.? When hyper- 
plastic lymphoid tissues were re- 
moved surgically for organ or cell 


culture from the lower or upper con- 
junctival fornices of guinea pigs that 
were challenged up. to-30 months, the 
enlarged lymphoid organs measured 
up to 1 em in length and 0.3 cm in 
diameter. In some animals, discrete, 
round, elevated follicles developed 
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Color Fig 1.—Large multilobulated lymphoid lesion (arrowheads), 
composed of numerous follicles surrounded by prominent network of 
blood vessels, protruding from beneath medial upper eyelid of guinea 
pig after 14 months of repeated topical (conjunctival) immunization and 
challenge with fluoresceinyl ovalbumin. Note violaceous, edematous 
thickening and hyperemia of lateral superior bulbar conjunctiva. Exter- 
nal photograph taken 30 minutes after last conjunctival challenge with 
antigen. 
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Color Fig 3.—Large round follicular lymphoid mass (arrowhead) at 
caruncle (medial canthus) in guinea pig eye after 18 months of 
repeated topical (conjunctival) immunization and challenge with fluores- 
ceinyl ovalbumin. External photograph taken 30 minutes after last 
challenge with antigen. 
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Color Fig 2.—Multiple large round follicular lymphoid masses (arrow- 
heads), originating from deep medial upper, and lateral lower, palpebral 
and forniceal conjunctiva, in guinea pig after 18 months of repeated 
topical (conjunctival) immunization and challenge with fluoresceinyl 
ovalbumin. External photograph taken 30 minutes after last conjuncti- 
val challenge with antigen. 





Color Fig 4.—Immunoperoxidase staining of conjunctival follicular 
lymphoid mass. Frozen tissue section was stained with horseradish 
peroxidase-conjugated goat anti-guinea pig IgG antibody, and coun- 
terstained with methylene blue (X 125). 
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from the lower and upper palpebral 
fornix conjunctiva and at the caruncle 
(Color Figs 1 through 3). As the folli- 
cles enlarged, the rich subepithelial 
vascular network over the follicles 
disappeared centrally, resulting in a 
discrete nodule that was encircled by 
a ring of blood vessels. A large follicu- 
lar mass, protruding from beneath the 
upper eyelid of a guinea pig that was 
chronically topically challenged with 
FL-OA, is shown in Color Fig 1. The 
surface of this lesion was composed of 
various-sized discrete follicles, pro- 
gressing from small follicles with an 
overlying arborizing network of ves- 
sels beneath the conjunctival epitheli- 
um, to larger follicles typically free of 
a central but surrounded by a periph- 
eral vascular net. Topical treatment 





with a mixture of FL-OA and phorbol 
ester caused an enhanced enlarge- 
ment of lymphoid tissues (approxi- 
mately 1.5 to 2.5 times) after two to 
five months of repeated topical chal- 
lenges, compared with the eyes that 
were treated with FL-OA alone for 
the same duration. Histologically, the 
follicles were composed predominant- 
ly of lymphocytes, histiocytes, and 
small numbers of plasma cells and 
mast cells. The lesion in Fig 1 is a 
massive lymphoid nodule that was 
composed of collections of densely 
packed small lymphocytes with scanty 
cytoplasm, darkly stained peripheral 
nuclear chromatin, moderate nuclear 
border irregularities and indenta- 
tions, and prominent nucleoli, that 
surrounded completely or incomplete- 
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ly formed germinal centers that con- 
tained lymphoid cells with larger, pal- 
er nuclei and more abundant cyto- 
plasm. Numerous large phagocytic 
macrophages that contained large and 
small dark-staining round or vacuo- 
lated inclusions, and scattered plas- 
macytoid or plasma cells, also were 
present in the germinal centers. The 
germinal centers were separated from 
the surrounding small lymphocytes in 
many regions by a prominent base- 
ment membranelike capsule (Fig 1, 
bottom right). The lymphoid nodules 
were situated immediately beneath 
the basement membrane of the con- 
junctival epithelium and a rich plexus 
of vascular and lymphatic vessels. 
Numerous engorged, swollen, mucus- 
secreting goblet cells were present in 









Fig 1.—Hyperplastic follicular conjunctival lesion. Top left, Histopathologic section shows dense uniform collections of small 
lymphocytes and scattered histiocytes, and germinal centers (GC), beneath conjunctival epithelium (E) of cryptic surface 
infolding (1-um plastic section, methylene blue and azure Il stain, X310). Top right, Higher-power field of conjunctival 
epithelium, covering hyperplastic follicular lesion, shows numerous intraepithelial mucus-secreting goblet cells (G), prominent 
folded epithelial basement membrane (arrows), subepithelial blood vessels (V), partially degranulated mast cells (M), and 
plasmacytoid cells with foamy cytoplasm (P) (methylene blue and azure Il stain, X955). Bottom left, Conjunctival epithelium, 
covering hyperplastic follicular lesion, shows nests and cords of plasmacytoid and plasma cells (P), displaying round 
eccentric nuclei with cartwheel peripheral chromatin, prominent Golgi zones, and abundant cytoplasm, in epithelium and 
subepithelial substantia propria (methylene blue and azure II stain, X607). Bottom right, Reactive lymphoid follicle, with 
well-formed germinal center (GC), of a hyperplastic conjunctival lesion. Basement membrane-like capsule (arrows) 
separates surrounding densely packed small lymphocytes and scattered plasmacytoid cells (P) from larger paler-staining 
lymphoid cells and activated histiocytes (H, phagocytic macrophages) of GC (methylene blue and azure Il stain, X955). 
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the overlying conjunctival epithelium; 
frequently, these cells were seen to 
discharge their contents onto the con- 
junctival surface. Lymphoid cells and 
plasmacytoid or plasma cells invaded 
the conjunctival epithelium in some 
areas (Fig 1, bottom left). Many par- 
tially degranulated mast cells were 
present immediately beneath the con- 
junctival epithelium (Fig 1, top right) 
and scattered through the lymphoid 
tissue. Figure 2 shows the massive 
hyperplasia of a conjunctival-associ- 
ated lymphoid organ in the palpebral 
conjunctiva of a guinea pig that was 
repeatedly challenged with FL-OA. 
The cross-sectional area of this lym- 
phoid organ was at least five times 
greater than that of lymphoid organs 
found in normal guinea pigs. In the 
normal guinea pig, the lymphoid cells 
of these organs were confined periph- 
erally by a thin fibrous capsule.’ After 


chronic conjunctival stimulation with 
antigen and massive lymphoid hyper- 
plasia, small lymphocytes extended 
beyond the fibrous capsule into the 
surrounding conjunctival substantia 
propria. Focal and diffuse infiltra- 
tions of lymphoid cells, together with 
plasma cells, eosinophils, macro- 
phages, and fibroblasts, also were 
found at other locations beneath the 
conjunctival epithelium in the sub- 
stantia propria. 

The results of immunoperoxidase 
staining of frozen sections from the 
hyperplastic conjunctival lymphoid 
tissue with anti-guinea pig IgG- 
horseradish peroxidase are illustrated 
in Color Fig 4. Dense collections of 
IgG- and IgA-positive cells were 
detected in the B-lymphocyte areas of 
the germinal centers of hyperplastic 
conjunctival lymphoid tissues and in 
cultured conjunctival lymphoid cells. 





Fig 2.—Histopathologic section of eyelid of repeatedly topically immunized and challenged 
guinea pig shows massive hyperplasia of conjunctival-associated lymphoid tissue (7-um paraffin 


section, Luna’s eosinophil stain, X24). 


Table 2.—Anti-FL-OA Antibody, Detected by ELISA, in Culture Media From Single-Cell 
Suspensions of Hyperplastic CALT or Spleens, and in Sera, From Guinea Pigs Chronically 
Sensitized Topically (Conjunctivally) With FL-OA* 


Antibody Classt 


ť———— ‘N 


IgG2 
0.16 + 0.06 
13: +-3) 
0.21 + 0.05 
(15 + 3) 
0.85 + 0.12 

(125 + 11) 


0.83 + 0.19 
(195 + 19) 

0.42 + 0.11 
(45 + 14) 

1.20 + 0.20 
(367 + 20) 


Spleen 


Serumt 


0.29 + 0.01 0.32 + 0.20 


0.39 + 0.04 0.07 + 0.02 


0.86 + 0.04 0.41 + 0.30 





*FL-OA indicates fluoresceinyl ovalbumin; ELISA, enzyme-linked immunosorbent assay; and CALT, 


conjunctival-associated lymphoid tissue. 


tValues are given as mean + SE of the mean of ELISA absorptivity (A492) from four to eight samples. Data 
in parentheses denote values in nanograms of antibody per milliliter. 


+Serum diluted 1:100. 
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Sera from guinea pigs that were 
sensitized by topical application of 
FL-OA, with or without subsequent 
injections of A swum or B pertussis, 
were tested for IgE antibody by the 
seven-day P-K test, for IgG1 antibody 
by the 48-hour PCA test and by 
ELISA, and for IgG2, IgM, and IgA 
antibody by ELISA. Although IgG2, 
IgM, and IgA antibodies were 
detected by ELISA, and IgGl anti- 
body both by the 48-hour PCA test of 
heat-inactivated serum (56°C, six 
hours) and by ELISA (Table 2), no IgE 
anti-FL-OA antibody was detected by 
the seven-day P-K test. 

Microscopic examination of single- 
cell preparations from hyperplastic 
conjunctival lymphoid tissues showed 
that 90% or more of the cells were 
lymphocytes. Culture media collected 
after seven to 15 days from either 
organ cultures of highly sensitized 
conjunctival tissues (after two to six 
months of topical immunization), or 
from single-cell preparations of 
hyperplastic lymphoid tissues (after 
24 to 30 months of topical immuniza- 
tion), were negative for IgE antibody 
as detected by seven-day P-K tests of 
0.1 mL of undiluted or concentrated 
(ten times) media. Culture media 
sampled from organ cultures were 
positive in some instances for IgG 
(not differentiated as to subclass) 
anti-FL-OA antibody by ELISA. The 
amount of IgG antibody detected 
varied between different cultures, and 
it may have been influenced by varia- 
tions in the density of lymphoid tissue 
in the tissue fragments that were 
contained in individual organ cul- 
tures. Culture media sampled from 
individual wells of single-cell suspen- 
sions of hyperplastic conjunctival 
lymphoid tissues were examined after 
seven to ten days in culture for IgG 
(not differentiated as to subclass) 
anti-FL-OA antibodies. Antibodies 
were present in almost all of the wells, 
with the exception of those wells that 
had been treated with excess FL-OA. 
No significant difference in antibody 
production was noted between cell 
cultures that were treated with or 
without LPS. The highest antibody 
levels were detected in culture media 
after ten days of growth. A similar 
pattern for in vitro antibody produc- 
tion was noted after two weeks in 
culture. The culture media obtained 
from splenic cells of the correspond- 
ing sensitized guinea pigs also showed 
a similar pattern of antibody produc- 
tion. Table 2 shows that anti-FL-OA 
IgGl, IgG2, IgM, and IgA antibodies 
were present in ten-day cultures of 
hyperplastic conjunctival lymphoid 
tissues or splenic cells, and in sera, 
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obtained from guinea pigs that were 
sensitized for up to 30 months by 
topical (conjunctival) immunization 
with FL-OA. The ratios of IgG1 to 
IgG2 antibodies produced by single- 
cell cultures of conjunctival lymphoid 
tissues or splenic cells were 15.0 or 3.0, 
respectively. The IgG antibody con- 
centrations in serum were 100 times 
greater than in cell culture superna- 
tants, with a mean IgG1/IgG2 ratio of 
2.9. The IgM responses in serum were 
greater than those of cultured con- 
junctival-associated lymphoid tissue 
or spleen cells, while IgA responses in 
spleen cells were less than those in the 
conjunctival-associated lymphoid tis- 
sue or in the serum (Table 2). 


COMMENT 


Repeated topical applications of 
FL-OA to the guinea pig conjunctiva 
produced a range of conjunctival 
immunopathologic manifestations, 
comparable in many respects with the 
varied presentation of allergic con- 
junctival diseases in humans. Acute 
type I conjunctival reactions, compa- 
rable with human hay fever conjunc- 
tivitis, were induced early in the 
course of topical immunization and 
challenge of guinea pig conjunctiva 
with antigen.'? Continued topical 
challenge with antigen produced a 
down-regulation of the type I reactivi- 
ty secondary to depletion of reactive 
mast cells by specific degranulation.’ 
Type I reactivity was restimulated at 
a later time, to varying degrees, by 
additional antigen challenges. Chron- 
ic topical antigen challenge in some 
animals led to papillary and conjunc- 
tival epithelial changes dominated by 
dense eosinophil infiltrates that mim- 
icked human vernal conjunctivitis.’ 
Such changes occurred particularly in 
animals with strong recurrent type I 
reactions. Prolonged repeated topical 
challenges with the same antigen in 
other guinea pigs provoked follicular 
lymphoid changes and massive hyper- 
plasia of the conjunctival-associated 
lymphoid tissues, simulating human 
follicular conjunctivitis. Germinal 
center formation was a prominent 
feature in some of these follicular 
lymphoid lesions. Massive lymphoid 
hyperplasia occurred most frequently 
in guinea pigs that had continued to 
show only a minimal or no type I 
conjunctival reaction to the later topi- 
cal antigen challenges. 

Type I hypersensitivity reactions 
may modulate other immunopatho- 
logic mechanisms in the conjunctiva. 
The net effect of strong or weak type I 
reactions on the penetration of exter- 
nally applied antigen to intraepithe- 
lial and subepithelial lymphoid cells 


may be significantly different. Strong 
type I reactions may restrict trans-* 
conjunctival penetration of antigen by 
an outward flow of fluids due to the 
copious leakage of plasma from the 
conjunctival vessels and through the 
conjunctival epithelium. This phe- 
nomenon was demonstrated by fluo- 
rescent microscopy of Evans blue- 
plasma protein complexes in guinea 
pigs that were passively sensitized 
locally (subconjunctivally) with IgE 
antibodies.’ The increased tearing of a 
strong type I reaction'’ also would 
wash away external antigen from the 
conjunctival surface. To a lesser 
extent, the increased permeability of 
the conjunctival epithelium may pre- 
dispose toward antigen penetration, 
particularly after the acute phase of 
the type I reaction has subsided. In 
contrast, weak type I conjunctival 
reactions may have a minimal anti- 
gen-clearing effect, and result in a 
greater net promotion of antigen pen- 
etration due to increased epithelial 
permeability to external antigen. His- 
tamine and other factors (eg, prosta- 
glandins, histamine-induced suppres- 
sor factor) released from mast cells by 
strong type I hypersensitivity reac- 
tions also may influence lymphoid cell 
proliferative responses by other 
mechanisms.*? 

Local production of immunoglobu- 
lins was demonstrated by the pres- 
ence of antibodies in supernatants of 
cultured conjunctival lymphoid cells, 
and by immunohistochemical studies 
of cultured cells and cryostat sections 
of conjunctiva. IgGl was the major 
anti-FL-OA IgG antibody isotype 
produced by conjunctival lymphoid 
cells in culture. In contrast, superna- 
tants of splenic lymphocytes con- 
tained nearly equal amounts of IgG1 
and IgG2 antibody. This observation 
suggests a site-specific regulation of 
IgG1 antibody production in the con- 
junctiva. The immunoregulatory 
mechanism responsible for the pre- 
dominance of IgGl over IgG2 anti- 
body in the hyperplastic conjunctival- 
associated lymphoid tissue is un- 
known. It may be that penetration of 
antigens into the substantia propria 
in large quantities favors this type of 
response. Indirect support for this 
hypothesis was furnished by studies 
on guinea pigs that were injected sub- 
conjunctivally with Onchocerca lien- 
alis microfilariae, where the dose of 
antigen administered was smaller and 
the antigen was given less frequently, 
and an excess of IgG1 over IgG2 anti- 
body was not observed in the superna- 
tants of cultured conjunctival lym- 
phoid tissues.’ 

Topical conjunctival sensitization 
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of guinea pigs produced a spectrum of 
responses. The dose of antigen and 
frequency of exposure may drive the 
variations in the immunopathologic 
response. The stage that we describe 
in the present study resembles the 
lymphofollicular hyperplasia of early 
stages of trachoma." In both human 
and animal model studies, repeated 
application of Chlamydia trachomatis 
organisms is required to produce the 
lymphoproliferative lesions.!' The 
chronic presence of antigens in the 
substantia propria of the conjunctiva 
thus may be a fundamental factor in 
eliciting conjunctival lymphoid hyper- 
plasia in various disease states. 
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Ormandy Teaching and Research Fund, Philadel- 
phia, and by the Food and Agricultural Organi- 
zation/United Nations Development Program/ 
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k The Effects of Freezing and Antibiotics on the 
Viability of Acanthamoeba Cysts 


Alice Y. Matoba, MD; Paul D. Pare, MD; Trang D. Le; Michael S. Osato, PhD 


@ The effects of cryotherapy and anti- 
biotics (paromomycin, neomycin, or pro- 
pamidine isethionate) on the viability of 
Acanthamoeba polyphaga and Acantha- 
moeba castellani cysts were studied in 
vitro. Either cryotherapy or exposure to 
antibiotic led to a decrease in the number 
of viable A castellani detected; A poly- 
phaga showed variable response to the 
antibiotics tested. The combination of 
cryotherapy and antibiotic therapy was 
more cysticidal than either modality alone 
and eliminated detectable viable organ- 
isms in five of six experiments. Of the 
antibiotic solutions tested, paromomycin 
(15 mg/mL) was the most effective. 

(Arch Ophthalmol 1989; 107:439-440) 


Al arathamoeba is a well-recognized 
corneal pathogen for which the 
treatment is controversial.: Although 
the trophozoite form of the organism 
is susceptible to many types of medi- 
cal therapy, the cyst is highly resis- 
tant to antimicrobial agents. Investi- 
gators have previously reported dis- 
appointing results following exposure 
of cyst suspensions to antibiotics? or 
cryotherapy.’ However, to our knowl- 
edge, the effect of combined treat- 
ment with antibiotics and cryothera- 
py on cysts in vitro has not been 
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described. Recently, Bindert reported 
long-term remission and possible cure 
of Acanthamoeba corneal infection in 
five patients following penetrating 
keratoplasty with cryotherapy and 
antibiotic therapy to the host cornea. 

We tested the hypothesis that cryo- 
therapy may be capable of enhancing 
the efficacy of concomitant antibiotic 
therapy. 


MATERIALS AND METHODS 


Acanthamoeba polyphaga and Acantha- 
moeba castellani cysts, isolated from clini- 
cal specimens, were cultured in peptone- 
yeast extract-glucose broth for three 
weeks at 35°C. Cyst suspensions were pre- 
pared by Ficoll-Hypaque centrifugation, 
washed in phosphate-buffered saline (pH 
7), and adjusted to contain 40000 cysts per 
milliliter (A polyphaga) or 100000 cysts per 
milliliter (A castellani). Cyst concentra- 
tions were adjusted following preliminary 
experiments to produce optimal outgrowth 
of trophozoites in the control panels. Fifty- 
microliter aliquots of the suspensions were 
placed in a 96-well microtiter plate. Each 
experiment was run in triplicate. Experi- 
mental panels were subjected to a freeze- 
thaw-refreeze cycle with an ophthalmic 
cryoprobe (each freezing treatment was 15 
s at —60°C, with three to five minutes to 
thaw at room temperature). Fifty-microli- 
ter aliquots of antibiotic solution or saline 
were added (final concentrations: paromo- 
mycin, 15 mg/mL; neomycin, 15 mg/mL; 
and propamidine isethionate, 0.5 mg/mL), 
and the mixtures were incubated at 35°C 
for four hours. The suspensions were then 
plated onto horse blood agar and incubated 
in 5% to 8% carbon dioxide at 35°C. After 
five days, the plates were inspected, and 
the number of amebic trails was rated 
from 0 to 3+. Plates rated as 1+ had one to 
16 trails per plate (Fig 1); plates rated as 
3+ had more than 16 trails per plate (Fig 
2). The plates that had been rated at 0 to 


2+ were reexamined at day 12; no addition- 
al trails formed between days 5 and 12, but 
preexisting trails were noted to elongate 
on some plates. 


RESULTS 


All control plates had 3+ detectable 
trails after five days (Tables 1 and 2). 
Following cryotherapy, the number of 
A polyphaga trails detected was rated 
1+ (three of three plates), and the 
number of A castellani trails was 
rated 0 (two plates) or 1+ (one plate). 
All antibiotics decreased the number 
of viable A castellani observed to 0 or 
1+, but for A polyphaga, the results 
were more variable. Paromomycin 
decreased the number of A polyphaga 
trails detected to 0 or 1+; propamidine 
isethionate (2+ trails in three of three 
plates) and neomycin (3+ trails in 
three of three plates) had less effect. 
When cryotherapy was combined with 
antibiotic therapy, no A castellani 
trails were detected in any experi- 
ments. The combination of cryothera- 
py and paromomycin or neomycin led 
to elimination of A polyphaga trails, 
but cysts incubated in propamidine 
isethionate exhibited 1+ trails in two 
of three plates. 


COMMENT 


The present study suggests that 
some strains of A polyphaga and A 
castellani may be susceptible to cryo- 
therapy in vitro. This observation is in 
distinct contrast to a previous study 
by Meisler and associates’ that 
showed no effect of cryotherapy on 
the viability of A polyphaga and A 
castellani cysts under similar condi- 
tions. Meisler and colleagues” study 
achieved lower temperatures (—50°C 
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Fig 1.—Acanthamoeba trails detectable on blood agar plate after five 


days of incubation, 1+. 
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Table 1.—Acanthamoeba polyphaga Density of Trails per Plate 


No Cryotherapy 
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1 2 3 1 2 3 
Control 3+ 3+ 3+ 1+ 1+ 1+ 
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Table 2. -Acanthamoeba castellani Density of Trails per Plate 


No Cryotherapy 
a 
Plate No. 


Panels 
Control 
Paromomycin 
Neomycin 


Propamidine isethionate 


to —130°C) for a longer time period 
(60 s); yet, motile organisms were 
observed by day 3 in all trials. The 
apparent discrepancy between the two 
studies cannot be resolved from the 
available data. Although all suspen- 
sions were placed in 96-well microtit- 
er plates before cryotherapy, Meisler 
et al’ used a larger volume of cyst 
suspension (100 vs 50 uL), possibly 
leading to slower freezing. In general, 
the rate of freezing appears to be 
inversely related to the survival of 
amebic cysts. The cyst concentration, 
size of the cryoprobe, and interstrain 





Cryotherapy 
——“—— on 
Plate No. 


variability of susceptibility to cryo- 
therapy are all likely to affect the 
results. 

The addition of cryotherapy to anti- 
biotic therapy led to elimination of 
observable amebic trails in almost all 
combinations. The mechanism of the 
enhanced cysticidal effect is not 
known. The lethal effect of freezing on 
cysts of ameba, such as Naegleria, is 
believed to be due to crystallization of 
cytoplasmic water with secondary 
denaturation of proteins.’ Whether 
this effect is additive to the effect of 
antibiotics or whether other factors, 


440 Arch Ophthalmol—Vol 107, March 1989 


D = i K uh AO 
d eo 
1 


me T <= 
Be tus i ieee 7 
Se ay tg . 
ee Fie = i > 

$ Ee re fe: 

fat 








_ 






gr 
D., a 
U Ga 





3 ` 7 i 


Fig 2.— Acanthamoeba trails detectable on blood agar plate after five 
days of incubation, 3+. 


such as enhanced penetration of anti- 
biotics through cyst walls disrupted 
by freezing, are operative remains to 
be determined. 

The efficacy of cryotherapy in the 
treatment of Acanthamoeba keratitis 
is unproved. While Binder’ has noted 
encouraging results following the use 
of cryotherapy, other authors have 
reported increased inflammation and 
failure to eradicate viable orga- 
nisms.’ The present study suggests 
that cryotherapy in combination with 
antibiotic therapy may lead to an 
enhanced cysticidal effect for some 
strains of A castellani and A polypha- 
ga. The role of cryotherapy in the 
management of Acanthamoeba kera- 
titis remains to be clarified. 


This study was supported in part by the Veter- 
ans Administration Medical Research Funds. 
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Edited by Malcolm N. Luxenberg, MD 


Ocular Lymphoid Hyperplasia 


A 65-year-old woman was referred for 
evaluation of an enlarging conjuncti- 
val lesion with concomitant choroidal infil- 
trates in the left eye. Visual acuity was 
20/200. External examination revealed a 
sessile, pink conjunctival lesion (Fig 1). In 
the fundus, multiple yellowish choroidal 
nodules accompanied by a serous detach- 
ment of the sensory retina were noted 
(Figs 2 through 4). Computed tomography 
showed no orbital involvement. 

The conjunctival lesion was removed 
through excisional biopsy, and the clinical 
diagnosis of lymphoid hyperplasia (LH) 
was confirmed histopathologically (Fig 5). 
Treatment with 12 Gy of external beam 
radiation resulted in total resolution of the 
conjunctival lesion, flattening of the cho- 
roidal nodules, and resorption of the subre- 
tinal fluid. After treatment, the visual 
acuity improved to 20/40. 


COMMENT 


Ocular LH is an uncommon form of 
lymphoid neoplasia that can affect 
the conjunctiva, orbit, and uveal 
tract.“ In the conjunctiva, LH 


assumes the classic “salmon-patch” 
configuration of a lymphoid infiltrate. 
Orbital involvement may produce 
either proptosis or displacement of 
the globe. The majority of lesions 
encountered in these locations tend to 
spare the uveal tract. When the uvea 
is involved, however, infiltration of 
contiguous structures is the rule.’ 

Posterior uveal involvment is char- 
acterized by solitary or multiple yel- 
lowish orange choroidal infiltrates 
with indistinct margins, often produc- 
ing a serous retinal detachment. 
Large solitary lesions may be clinical- 
ly indistinguishable from metastatic 
carcinoma. Currently accepted treat- 
ment modalities include corticoste- 
roids or local external beam irradia- 
tion. 

Ocular LH should be differentiated 
from malignant lymphoma via biopsy 
whenever possible. When the diagno- 
sis of uveal or orbital LH is enter- 
tained, a careful external examination 
should be performed to seek conjunc- 
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tival involvement that may prove 
more accessible for biopsy. 


JAY S. DuKER, MD 
JERRY A. SHIELDS, MD 
RALPH C. EAGLE, JR, MD 
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Fig 1.—Classic ‘‘salmon-patch’’ appearance of perilimbal conjunctival 


lesion. 





Fig 2.—Inferotemporal view of left fundus demonstrating typical multi- 
ple, amelanotic, choroidal nodules measuring between 1 and 3 mm with 
indistinct margins. 
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Fig 3.—Arterial phase of intravenous fluorescein angiogram showing 
early hyperfluoresence of multiple choroidal lesions. Subretinal fluid 
was present. 





Fig 4.—Recirculation-phase angiogram corresponding to Fig 2 show- 
ing mild staining of peripheral choroidal lesions. 
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Fig 5.—Histopathologic specimen obtained from biopsy of conjunctival 
lesion seen clinically in Fig 1. Note sheets of monotonous, bland 
lymphocytes in substantia propria of conjunctiva. Follicular centers are 
lacking and rare plasma cells are observed, consistent with diagnosis 
of atypical lymphoid hyperplasia. 
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Surgical Technique 


The Five-Flap Technique for Blepharophimosis 


Richard L. Anderson, MD, Thaddeus S. Nowinski, MD 


è The correction of epicanthus associ- 
ated with blepharophimosis is a difficult 
surgical problem. Most commonly used 
techniques, such as the Mustardé tech- 
nique, require meticulous measurements, 
and their theoretical geometric basis and 
flap designs are often confusing. We 
present the five-flap technique utilizing 
logical flap design, which is a combination 
of a Y-to-V flap with double opposing 
Z-plasties on the apex, that is well suited 
to this difficult problem. It is important to 
remove excess muscle and deep tissues 
underlying the flaps in the medial canthal 
region, which are present in blepharophi- 
mosis cases and contribute to the defor- 
mity in these patients. Medial canthal ten- 
don resection and tucks or transnasal 
wiring are then performed. The technique 
has been utilized in 14 patients with a 
minimum of one year of follow-up over the 
past six years with good results. 

(Arch Ophthalmol 1989; 107:448-452) 


(Grnzenita: epicanthus occurs in one 
third of all infants, but only a 
small number pose a functional prob- 
lem.'? Epicanthus was first described 
in 1828, and many surgical procedures 
for this difficult clinical problem have 
been advocated since then.’ Von 
Ammon** described three types of epi- 
canthus—supraciliaris, palpebralis, 
and tarsalis—in the mid-1800s. He 
also mentioned, but did not describe 
in detail, the inversus type. 
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The term blepharophimosis (from 
the Greek words blepharo [eyelid] and 
phimosis [stricture]) is also attributed 
to Von Ammon, who thought it repre- 
sented a malformation of the dorsum 
of the nose with an overabundance of 
overlying skin. Braun‘ described the 
inversus type in detail in 1922, 
although Axenfeld and Brons’ had 
already mentioned the difficulty of its 
management. The association of pto- 
sis, phimosis, and epicanthus inversus 
has since been well described; it is 
usually transmitted in an autosomal 
dominant fashion.*? Callahan and 
Mustarde'' noted that large epican- 
thal folds are usually found even more 
in the mild expressions of the syn- 
drome, which are most common. 
Unlike the other forms of epicanthus, 
the inversus type rarely improves 
spontaneously with development of 
the nose.!!? 

The medial canthus is displaced lat- 
erally in most cases of blepharophi- 
mosis, usually due to an abnormally 
long medial canthal tendon and the 
wide nose. Mustardé coined the term 
telecanthus to describe the condition 
in blepharophimosis in which an 
abnormally large intercanthal dis- 
tance exists while the interpupillary 
distance is normal.'** 

Early procedures designed to cor- 
rect epicanthus were developed under 
the misconception that an overabun- 
dance of skin existed in the medial 
canthal region. Von Ammon excised 
an elliptical piece of skin from the 
dorsum of the nose, while Kuhnt 
excised a similar amount of tissue and 
wired the deeper tissues to the perios- 
teum." Arlt excised the skin folds 
overlying the corners of the eyelids in 
semilunar segments, while Berger‘ 
excised arrowhead-shaped segments. 


In 1904, Rogman” determined that, 


a shortage of vertical skin, rather 
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than a surplus, was present. Verwey’? 
straddled the canthus with a Y-to-V 
tissue rearrangement that, although 
not adequate by itself, was an impor- 
tant step in the development of mod- 
ern repair. Hughes’ and Callahan” 
later modified this procedure, but 
undercorrection and unsightly scars 
were common. Roveda”! combined a 
crescentic incision with a Y-to-V tech- 





Fig 1.—Comparison of techniques for repair 
of epicanthal folds. Traction has been applied 
medially to obliterate fold. A, Mustardé tech- 
nique with its intricate measurements and 
angles.'''* Each arm and paramarginal exten- 
sion must be precisely 2 mm less than hori- 
zontal measurement. Meticulous plotting of 
45° and 60° angles is also required. B, 
Johnson modification of Blair technique.” C, 
Our technique combining double Z-plasties 
with Y-to-V flap. 
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nique, but scarring and secondary 
folds remained a problem. 

Many techniques for epicanthus 
repair have utilized some form of Z- 
plasty. Blair and associates” trans- 
ferred two triangular flaps from the 
epicanthus in conjunction with a cres- 
centic incision on the summit of the 
fold. Unfortunately, the resulting scar 
extended vertically on the bridge of 
the nose and was perpendicular to the 
normal tension lines in the medial 
canthus. Johnson** later modified 
this procedure (Fig 1) with somewhat 
less scarring. Spaeth” used a similar 
procedure and advocated extensive 
undermining of the eyelids. 

Mustarde’s technique (Fig 1), a 
great advancement over earlier proce- 
dures, is the most common technique 
for repair of epicanthus associated 
with blepharophimosis.'''*2’ This 
technique requires meticulous mea- 
surements and mapping out of the 
lines and angles. The theoretical geo- 
metric basis for this flap is confusing; 
thus, the design is difficult to under- 
stand and remember. The quadrilat- 
eral-shaped flaps created by this 
design are more difficult to transpose 
than triangular flaps and frequently 
require trimming before suturing. 

We describe the five-flap technique, 
which has not been previously re- 
ported, for the repair of epicanthal 
folds associated with blepharophimo- 
sis. The five-flap technique (Fig 1, C) 
uses a logical, geometric flap design 
and provides aesthetically pleasing 
results. Construction of the five flaps 
is simple, logical, and easily remem- 
bered; meticulous measuring, angle 
plotting, and trimming of flaps are 
eliminated. We have also found that it 
is important to excise the excess mus- 
cle and deep tissues present in the 
medial canthus of patients with 
blepharophimosis. We believe these 
excess tissues contribute to the defor- 
mity in blepharophimosis; removing 
them thins this region and reduces the 
intercanthal distance and thus pro- 
duces a better result. 


SURGICAL TECHNIQUE 


The five-flap technique is illustrated on 
a patient with blepharophimosis (Fig 2). 
Her preoperative fissure length measured 
15 mm. The procedure is performed with 
the patient under general anesthesia in the 
pediatric age group. Incision lines are 
mapped out as follows. A point is made on 
the epicanthal folds just medial to the 
actual site of the present canthus (Fig 3). 
Another point is made at the insertion of 
the medial canthal tendon at the desired 
final position of the canthus. The desired 
final position of the canthus in most 
patients is approximately half the distance 
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Fig 2.—Three-year-old girl with blepharophimosis shown before surgery. 





Fig 3.—Double Z-plasties are placed on 


epicanthal folds and joined in apex of Y. 





Fig 4.—Flaps of skin and orbicularis following incisions and dissection. 


from the center of the pupil to the center of 
the nasal bridge. A straight line is drawn 
between these two points on each side. 
Paramarginal lines are marked on the 
upper and lower eyelids and connected to 
the initial point on the epicanthal fold, 
thus forming a “Y” configuration. A 
curved line is drawn on the epicanthal fold 
through the angle of the Y and is equal in 
length on each side. This line forms the 
central member of the two “Z” configura- 
tions. The final limbs of each Z are then 
constructed roughly parallel to the stem of 
the Y and are of equal length. The angle on 
the final arm may vary from 45° to 60° 
depending on the amount of effect neces- 
sary. One can readily see that the configu- 


ration created is a double Z-plasty formed 
on the stem of the Y (Figs 1, C, and 3). We 
call this procedure the five-flap technique 
because of the four flaps involved in the 
double Z-plasty and the additional flap of 
the Y-to-V technique. These five flaps all 
center on the epicanthal fold. 

A No. 15 Bard-Parker scalpel is used to 
make the incisions on the markings. Lacri- 
mal probes can be placed in the canaliculi 
and lacrimal sac during deeper dissection, 
if desired, to help the surgeon prevent a 
canalicular or lacrimal sac laceration. 
After completing the incisions, the flaps 
are gently retracted with small skin hooks 
and undermined and thinned of excessive 
deep tissue with scissors (Fig 4). Excessive 
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Fig 5.—Skin hooks gently retract skin flaps to expose medial canthal structures after excess 
muscle and adipose tissue in medial canthal regions have been excised. Suture is placed in 
medial canthus, temporal portion of the medial canthal tendon, or both, and in insertion of medial 
canthal tendon or periosteum as far posteriorly as possible on frontal process of maxilla. 
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Fig 8.—First closure suture converts the Y to V. Deep bite to medial posterior tissues is taken 
with this suture to further enhance medial and posterior fixation of skin. 
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deep muscle, adipose, and fibrous tissues 
are present in patients with blepharophi- 
mosis in the medial canthus between skin 
and the elongated medial canthal tendon. 
Extensive removal of these tissues helps 
reduce the epicanthal folds and facilitates 
posteromedial placement of the medial 
canthus. The medial canthal tendon is 
identified as the deep tissues are excised. 
We have found that removal of the excess 
orbicularis, adipose, and fibrous tissues in 
the medial canthus is almost as important 
as the remainder of the technique. We 
believe that the hypertrophic tissues 
underlying the epicanthal folds are par- 
tially responsible for the formation of 
these folds and the telecanthus. 

The medial canthal tendon, which is 
elongated in most patients with blepharo- 
phimosis, is plicated or resected and 
advanced, or a transnasal wiring is per- 
formed. A 4-0 polyglactin 910 or perma- 
nent suture on a strong, small, half-circle 
needle is placed at the angle of the medial 
canthus and firmly engages the anterior 
fibers of the most lateral portion of the 
medial canthal tendon. The same suture is 
then passed through the insertion of the 
medial canthal tendon or periosteum on 
the frontal process of the maxilla as far 
medial and posterior as possible (Fig 5). 
This may be reinforced with an additional 
suture. When the sutures are tied, the 
medial canthus is moved to a position that 
is medial, superior, and posterior to its 
former position (Fig 6). In some cases, the 
medial canthal tendon is divided with 
sharp dissection and resected. In severe 
cases where bone prevents the canthus 
from being adequately moved medially, a 
standard transnasal wiring with bone 
removal may be required. 

Once the medial canthus is in the desired 
position, the flaps are transposed (Fig 7). 
The Y-to-V flap is closed by first placing a 
strong suture in the apex of the V (Fig 8) 
with a bite to the bony insertion of the 
medial canthal tendon to hold the skin as 
medial and posterior as possible in the 
medial canthus and enhance the effect. The 
Z-plasty flaps are transposed so that each 
flap of each Z assumes the position formal- 
ly occupied by the other (Fig 9). The trans- 
posed Z-plasty flaps are closed with inter- 
rupted sutures securing the apices of the 
triangular flaps first. We usually prefer 
6-0 or 7-0 nylon for suturing skin, but its 
removal is difficult in children; therefore, 
6-0 plain or 7-0 chromic catgut is used in 
these instances. In children who are known 
to be hypertrophic scar formers, we recom- 
mend using permanent sutures and plan- 
ning to sedate the child to remove them. 
Antibiotic steroid ointment is placed over 
the incisions for a week after surgery. The 
same patient shown in Fig 2 is pictured one 
year after the five-flap technique and one 
month after frontalis suspension with fas- 
cia lata (Fig 10). Her fissures now measure 
20 mm. 


RESULTS 


Over the past six years, we have 
used this technique on 14 pediatric 
patients with blepharophimosis. In- 
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formation was obtained from a review 
of patient files and preoperative and 
postoperative photographs, with a 
minimum follow-up of one year. Fol- 
low-up for the entire group ranged 
from one to five years, with a mean 
follow-up of two years. Our patients 
ranged in age from 3 to 14 years, but 
the majority were between ages 4 and 
6 years at the time of surgery. We 
prefer to perform the surgery before 
the patient reaches school age to min- 
imize any psychological stigmata. A 
greater correction may be obtained at 
an older age, but appearance at early 
school age is important for developing 
a good self-image. 

Before surgery, the length of the 
horizontal palpebral fissures ranged 
from 13 to 18 mm. After surgery, they 
ranged from 19 to 26 mm. Four of our 
14 patients had lateral canthoplasties 
as well. Transnasal wiring was re- 
quired in only two of our 14 cases. We 
believe that the extensive resection of 
excess fibrofatty tissues in the medial 
canthal region provides more reduc- 
tion of telecanthus and minimizes the 
need for transnasal wiring. The aver- 
age increase in fissure length in our 14 
patients was 6.1 mm one year after 
surgery. 

The vertical palpebral fissure 
height ranged from 3.5 to 6.5 mm in 
the preoperative state. Three patients 
had Supramid slings and one had a 
fascia lata sling before medial canthal 
repairs. After epicanthal fold repair, 
four patients had narrowing of the 
vertical palpebral fissure, seven had 
no change, and three had a widening 
of the fissure. 

Ten patients underwent ptosis sur- 
gery in the follow-up period after 
their medial canthoplasties. We pre- 
fer to wait three to six months before 
performing the definitive ptosis cor- 
rection. Nine patients, including some 
with previous Supramid slings, had 
frontalis suspension procedures uti- 
lizing autogenous fascia lata. One 
patient had enough levator function 
to undergo bilateral levator surgery. 

We had used the Mustardé tech- 
nique prior to developing the five-flap 
technique. We could seldom remem- 
ber or understand the basis of the 
Mustardé flap design and would refer 
to his descriptions before marking out 
the flaps at surgery. It seemed more 
appropriate and geometrically under- 
standable to place the Z-plasties on 
the epicanthal folds at the angle of the 
Y (Fig 1, C). Both the Y-to-V tech- 
nique and the double Z-plasty could 
then be utilized to maximum advan- 
tage. In our experience with both the 
five-flap and Mustarde techniques, it 
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Fig 9.—Multiple interrupted sutures are used to complete closure of transposed flaps. 
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Fig 10.—Patient one year following five-flap technique and one month following recent frontalis 


suspension procedure. 


is our clinical impression that scars 
are less noticeable with the five-flap 
technique, and the reduction of tele- 
canthus and epicanthal folds is 
improved. However, since we have not 
used the Mustardé technique since 
developing the five-flap technique and 
preoperative vs postoperative fissure 
measurements are unavailable on 
most of the earlier patients having 
undergone the Mustardé technique, 
the statement regarding reduction of 
telecanthus remains a clinical impres- 
sion rather than a conclusion based on 
measurements. 


COMMENT 


McCardy* devised the term Z-plasty 
early in this century. However, his 
procedure and earlier transposition 
flaps described by others were not 
true Z-plasty procedures. The first 
standard Z-plasty was reported in 
1904, and Limberg and others”! 
began describing the theoretical geo- 
metric principles in 1929. Since then, 
the Z-plasty procedure and its vari- 
ants have become important compo- 
nents of the oculoplastic surgeon’s 
repertoire.” 

The patient with blepharophimosis 
usually has vertical and horizontal 
shortening. The ptosis in these cases 


is primarily associated with poor leva- 
tor function as well as a mechanically 
restrictive component.*’”*? Supramid 
frontalis suspension procedures may 
be indicated at a very early age in 
cases of severe ptosis with poor leva- 
tor function associated with blepharo- 
phimosis. However, these procedures 
should be considered temporary. We 
prefer to wait until the patient is old 
enough to have adequate fascia lata 
for a more definitive repair. 

In the five-flap technique, transpos- 
ing flaps add vertical length at the 
expense of redundant transverse tis- 
sue in the medial canthus. The fissure 
is lengthened and tightened with a 
bowstring effect, which one would 
expect to narrow the vertical palpe- 
bral fissure. The repair of the epican- 
thus should therefore precede the 
definitive ptosis correction. However, 
release of the vertical tethering of the 
epicanthal fold may compensate for 
this narrowing effect and has reduced 
the ptosis in some of our cases. Even 
though the maximum change of fis- 
sure height was only 1 mm in our 
patients, the direction of change was 
unpredictable. In addition, the simul- 
taneous induction of vertical and hor- 
izontal tensions on the fissure may 
reduce the effect of each. Therefore, 
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we believe that ptosis correction is 
best performed as a secondary proce- 
dure. 

Double opposing Z-plasties are as 
effective in releasing contractures as 
a single Z-plasty with larger flaps.” 
The classic Z-plasty consists of two 
triangular flaps of skin and subcuta- 
neous tissue of equal size delineated 
by three incisions of equal length cut 
at 60° angles.***° However, many mod- 
ifications of angles and flaps have 
made the Z-plasty the most useful 
flap technique in plastic surgery. The 
five-flap technique utilizes unequal 
angles and flaps and is useful in 
realigning the medial canthal tissues 
within the lines of minimal tension 
while utilizing all available skin for 
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this redistribution. It combines a Y- 
to-V flap with double Z-plasties, 
which have been used for releasing 
contractures in hand surgery and in 
other regions.*”* The five-flap tech- 
nique is easier to understand and con- 
struct than the Mustardé procedure 
and utilizes a small, localized flap 
design ideally suited for the concave 
medial canthal region. 

Removing excess muscle and fibro- 
fatty tissues overlying the medial can- 
thal tendon may be as important aš 
the type of medial canthoplasty per- 
formed in blepharophimosis, and we 
suggest removing these surplus tis- 
sues no matter what choice of flap 
design the surgeon may select. These 
tissues contribute to the deformity 
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and must be excised to obtain maxi- 
mum medial and posterior placement 
of medial canthal tissues and achieve 
a more natural and cosmetically 
pleasing concavity in the medial can- 
thus. 

We have been very pleased with our 
results in 14 patients with blepharo- 
phimosis who have been operated on 
over the last six years using this tech- 
nique, and we believe that the five- 
flap technique has advantages over 
previously reported techniques. 
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New Instruments 


A Modified Slit Lamp for Examination 
of Wheelchair-Bound Patients 


Jonathan C. Javitt, MD, MPH 


è A standard slit lamp can be modified 
with readily available components to 
examine wheelchair-bound patients. This 
modification minimizes discomfort in 
transferring patients to an examination 
chair and may provide better patient posi- 
tioning in some cases. In addition to sav- 
ing staff time, this technique minimizes 
the disconnecting of intravenous tubing, 
drainage catheters, and similar appli- 
ances. The addition of a swivel extension 
to the base of the slit lamp allows the 
entire unit to slide between the arms of 
the wheelchair at a height that is comfort- 
able for the patient. 

(Arch Ophthalmol 1989; 107:453-454) 


Rapes pound patients often 
present for ophthalmologic evalu- 
ation in any referral center or hospi- 
tal. Currently available slit lamps, 
either stand- or table-mounted, make 
it nearly impossible for examiners to 
properly examine a patient seated in 
most standard wheelchairs (Fig 1). 
Standard practice is to assist the 
patient by transferring him or her 
from the wheelchair to an adjustable 
examination chair. While this may be 
the best available solution, it can 
cause discomfort to many patients, 
require additional staff members to 
assist in the transfer, and waste time 
in a busy clinic. The problem is com- 
pounded if the patient has intrave- 
nous tubes, drainage catheters, and 
similar devices that must be trans- 
ferred as well. 
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Fig 1.—When attempting to examine wheel- 
chair-bound patients with standard slit lamp, 
arms of wheelchair generally prevent slit lamp 
from being lowered to correct height. It is also 
difficult to bring patient forward to chin rest, 
resulting, as demonstrated by member of our 
staff, in suboptimal examination position. 


An alternative approach is to 
design a slit-lamp table that will 
adapt to a wheelchair-bound patient 
and allow a thorough examination. 
Several important design criteria 
must be observed: (1) The legs of the 
table must not interfere with the 
wheelchair or its leg rests. (2) The 
table must be adjustable to allow the 
slit lamp to lower for short patients or 
elderly patients with severe kyphosis. 
A minimum height of 69 cm is desir- 
able. (3) The slit lamp must be able to 
slide forward between the arms of the 
wheelchair so that the patient is not 
forced to lean forward excessively. 


MATERIALS AND METHODS 


A standard slit lamp can be easily modi- 
fied to meet these criteria. The ideal base 
for the purpose is the three-legged cast- 
iron base that many of us have discarded 
in favor of rolling tables and pole mounts. 
These bases are quite heavy and their 
weight provides adequate stability even 
when the slit lamp is extended. If a lighter 
base is used, a counterweight may be 





Fig 2.—Adding swivel stand to slit lamp allows 
device to slide forward between arms of 
wheelchair and to rotate if patient’s position 
requires. Base of slit lamp must be no wider 
than 40 cm for this purpose. Swivel stand 
illustrated is fully extended to show construc- 
tion details. In actual use, much less extension 
is required (Fig 3). 
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‘Fig 3.—When standard slit lamp is modified 


as described, optimal patient positioning can 
be achieved in wheelchair-bound patients with 
minimum of patient discomfort and reposition- 
ing. If examiner is forced to lean forward, 
raising height of stool results in more comfort- 
able position. 


required for stability. Orient one leg of the 
base toward the patient and two legs 
toward the examiner, so that the center of 
gravity of the slit lamp will not extend past 
the leg of the base. 

The preferred base is one in which 


Modified Slit Lamp—vJavitt 453 


height is adjustable by means of a large 
wheel turned by hand, rather than a 
spring-loaded pedestal. A major advantage 
of the three-legged cast-iron base is that 
the slit lamp can be brought much lower 
than other bases. The table should come 
down to a height of 69 cm above the floor to 
be able to accommodate all patients. 

The second essential component is a 
television swivel stand, which is available 
in any cabinetry shop or large lumberyard. 
This device is designed to mount a televi- 
sion on a shelf so that it may be pulled 
forward and rotated. The stand will easily 
bear the weight of a slit lamp even as a 
patient leans on it. The swivel stand allows 
the slit lamp to extend between the arms of 
the patient’s wheelchair and to rotate a bit, 
if needed, for alignment (Fig 2). 

The third modification required is to 
mount the slit lamp on a base that is no 
wider than 41 cm. This may be achieved by 
cutting the base supplied with the slit 
lamp, or by transferring the toothed-track 
and plastic friction plate to a new base of 
plywood or laminate. If the track is trans- 
ferred, maintain precise alignment be- 
tween the two toothed-tracks. 

The last modification is to extend the 
cables from the slit-lamp transformer by 
60 cm. This will allow for full extension 
and rotation of the slit lamp. The best 
approach is to obtain male and female 
electrical fittings that match those already 
on the slit lamp. These are readily avail- 
able from the manufacturer’s service 
department or from an electrical supply 


JAMA 


outlet at a low cost. In this way, a 60-cm 
extension cord may be fabricated and the 
wiring of the slit lamp remains undis- 
turbed. If a coiled cord is used to fabricate 
the extension, slack will be minimized 
when the slit lamp is not extended. An 
alternative is to splice a 60-cm length of 
copper lamp cord into the wires leading 
from the slit lamp to the transformer. This 
must be done in a manner that complies 
with local electrical codes. 


COMMENT 


These modifications can _ be 
achieved quickly and inexpensively. 
They allow one to bring the slit lamp 
forward between the arms of the 
wheelchair and optimize patient posi- 
tioning (Fig 3). The patient can 
remain in a comfortable position 
without being forced to lean forward 
excessively. Even in an ophthalmic 
examination chair, a kyphotic, elderly 
patient may have an extremely diffi- 
cult time coming forward to the chin 
rest (Fig 1). 

This apparatus may force the exam- 
iner to lean forward in examining 
some patients. In general, a comfort- 
able position can be found for both 
examiner and patient. Placing pillows 
behind the patient’s back often helps 
him or her achieve a more comfort- 
able position. If significant forward 
extension of the slit lamp is still 


Currently In Other AMA Journals 


Juvenile Glaucoma, Race, and Refraction 
D. Lotufo; R. Ritch; L. Szmyd, Jr; J. E. Burris (JAMA. 1989;261:249) 


Herrick’s 1910 Case Report of Sickle Cell Anemia 
T. L. Savitt, M. F. Goldberg (JAMA. 1989;261:266) 


Glaucoma in Blacks: Where Do We Go From Here? 
M. R. Wilson (JAMA. 1989;261:281) 
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required, raising the examiner’s stoo 
will allow the examiner a comfortabl 
posture. If at its lowest position th 
slit lamp is still too high for th 
patient’s chin, a pillow placed unde 
the patient may be helpful. 

We have examined over 350 wheel 
chair-bound patients with this appa 
ratus thus far, and have encounterec 
no significant difficulties in its use 
The slit lamp has been stable and ha: 
shown no tendency to tip forward 
even if the patient leans on it. Ow 
needs require that the slit lamp bi 
transportable. However, if it is to bi 
used in a fixed location and there ar 
concerns about its stability, the bası 
may be anchored to the floor. 

For patients who can be seated in ¢ 
standard examination chair, a stani 
or pole-mounted slit lamp is far pref 
erable. Any clinic or practice in whicl 
a large number of wheelchair-bounc 
patients are seen, however, migh’ 
benefit by modifying one or more sli 
lamps to its needs. 


This investigation was supported in part b; 
grant 1 K11 EY00285-01 from the National Ey 
Institute, Rockville, Md, and by the Eleano 
Naylor Dana Charitable Trust, New York. 

The author has no proprietary interest in am 
manufacturer of slit lamps or other ophthalmi 
examination devices. 
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Look kor The Name Tha 
Around The World. cet 


Some 20 years ago, physicians across the globe 
started doing procedures which had been impos- 
sible only months earlier. 

Laser eye surgery. 

It took an innovative and dedicated company, 
best known at the time for industrial lasers, to 
develop an ophthalmic laser suitable for everyday 
use by surgeons. It took Coherent Medical. 

Our Model 800 was the first photocoagulator 
designed specifically for ophthalmology. And 


thereafter, the Model 800 
became the standard for all clinical photo- 
coagulators. 

A new generation of lasers has made Coherent 
Medical the world’s most widely accepted name 
in medical lasers. These now make up over 60% of 
the ophthalmic lasers currently in use. More than 
6000 have been installed in offices, surgicenters 
and hospitals like yours. 

They prove their accuracy and reliability 
4,000,000 times each and every day. 
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Is Synonymous With Lase 


whose value will continue to grow. 

For details on our complete photocoagulator 
and Nd:YAG line, call (800) 635-1313, (800) 423-9543 
in CA. Or write: Coherent, 3270 W. Bayshore Road, 
Palo Alto, CA 94303. 


7931 compact laser Is this response to 
system: instantaneous Coherent lasers any sur- 
switching between | ; 






prise? Patients of every 
nationality 
have found 
new hope 
for sight. 
And physi- 
w mg : cians have 
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invest- 
ment 


full-featured 7901 
Nd:YAG and 930 
photocoagulator. 
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aad] Toi use with Vionnelaenee : ~ 112) pte re 
miotics, fluid and air. Special rounded Any Uv popUY IS 
tip allows easier and safer insertion through HENS RGI ; 
wound. Available in 30g, 27g, 25g, and 21g. The nfl D JSUT 
NEW VISCOFLOW™ (5007) specially formed design idid 
permits easier placement of viscous material to all areas VISITEC® - for all the right reasons: 
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FIT Spia lenia pedias ne ‘CAPSULOT O OMY TECHNI Ai E i fit, eliminating leakage. 
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wased e or non- Lmigallns first from ste. The NEW 5004, and ready to use, reducing possible 
designed for use on deep set eyes and small pupils, infections. No damaged instruments 
also excellent for Srceennauiar: puery caused by improper cleaning. 

THE VISITEC® RETROBULBAR NEEDLES p e Product identification on each package. 
: a ie hehe ave point and needle 
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VISITEC COMPANY 


2219 Whitfield Park Drive, Sarasota, FL 34243 + 813-758-1428 
800-237-2174 * 800-543-2127 (In Florida) * Telex 5106000179 * FAX 813-753-7473 


Portrait of Noncompliance 





” a 


“Did | take my eye drops this morning? 
Or, was that yesterday?” 





When multiple-drug regimens 
create multiple-drug problems, you 
can help make sure compliance isnt 
among them. 

Prescribe the only pilocarpine with 
the compliance-encouraging “C Cap” 
advantage—Pilagan™ with C Cap™ 
Compliance Cap. 

ONLY PILAGAN™ WITH C CAP 
ENCOURAGES PROPER COM- 
PLIANCE BY: 

- Tracking the next dose to be taken, 

- Providing a means for others to 
monitor compliance, 

- Minimizing confusion for patients 
on multidose therapy or multiple 
medications, and 

- Offering the cooling, soothing 
effects of Liquifilm® (14% polyvinyl 
alcohol). 


Please see adjacent page for brief 
summary of prescribing information. 
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E Pitagan™ (pilocarpine nitrate) 
ee Liquifilm® sterile ophthalmic 
E Cap” solution with 


SAD. C Cap” 
3 Compliance Cap Q.1.D. 
15 mL 


Sig. Plaga wih C Gp" 


= ALLERGAN PHARMACEUTICALS 
= A Division of Allergan, Inc., Irvine, CA 92713 
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ENCOURAGE COMPLIANCE. 
PILAGAN™ WITH C CAP” 
COMPLIANCE CAP 


e Tracks next dose to be taken, 

® Provides a means for others to monitor compliance. 

e Minimizes confusion for patients on multidose 
therapy or multiple medications, and 

e Offers the cooling, soothing effects of Liquifilm® 
(1.4% polyvinyl alcohol) 


PILAGAN “(pilocarpine nitrate 


Liquifilm® sterile ophthalmic solution wi 


C CAP” Compliance Cap Q.I.D. 


15 mL 


INDICATIONS AND USAGE: Pilagan Liquifilm is indicated for: 1) The control of intra- 
ocular pressure in glaucoma. 3 Emergency relief of mydriasis in an acutely glauco- 
matous situation. 3) To reverse mydriasis caused by cycloplegic agents. 
CONTRAINDICATIONS: Pilagan Liquifilm is contraindicated in persons showing 
hypersensitivity to any of its components. WARNINGS: Pilocarpine is readily absorbed 
systemically through the conjunctiva. Excessive application A eg may elicit 
systemic toxicity symptoms in some individuals. PRECAUTIONS: General: Pilocarpine 
has been reported to elicit retinal detachment in individuals with pre-existing retinal 
disease or predisposed to retinal tears. Fundus examination is advised for all patients 
prior to initiation of pilocarpine therapy. Carcinogenesis, mutagenesis and Impalr- 
ment of fertility: No studies have been conducted in animals or in humans to evaluate 
the potential of these effects. Pregnancy Category C: Animal reproduction studies 
have not been conducted with pilocarpine. It is also not known whether pilocarpine 
can cause fetal harm when administered to a pregnant woman or can affect reproduc- 
tion capacity. Pilocarpine should be given to a pregnant woman only if clearly needed. 
Pediatric Use: Safety and effectiveness in children have not been established. ADVERSE 
REACTIONS: Adverse reactions associated with topical pilocarpine therapy include: 
visual blurring due to miosis and accommodative spasm, poor dark adaptation caused 
by the failure of the pupil to dilate in reduced illumination, and cv ral hyper- 
emia. Miotics have been reported to cause lens opacities in susceptible individuals 
after prolonged use. Systemic reactions following topical use of pilocarpine are rare. 


= ALLERGAN PHARMACEUTICALS 
KU f> n of Allergan, Inc., Irvine, CA 92713 






Mericos Eye Institute of 

Scripps Memorial Hospitals 
La Jolla, California 

Presents a Symposium 


VISIONS IN OPHTHALMOLOGY ’89 
Saturday, April 1, 1989 









LORENZ E. ZIMMERMAN, M.D. 
Department of Ophthalmic Pathology 
Armed Forces Institute of Patholgy 


“Optic Nerve: Pathological Evaluation” 


DONALD MINCKLER, M.D. 
University df Southern California 
“Optic Nerve: Clinical and Pathological Evaluation” 


HENRY JAMPEL, M.D. 
Johns Hopkins Medical Center 
“Humphrey Analyzer and Optic Nerve Evaluation” 


BRUCE S. MALLER 
B.S.M. Financial, Inc. 
“Personal Financial Survival” 


RICHARD H. KEATES, M.D. 
Ohio State University 
“Bifocal Implants” 


J. TERENCE DALY, M.D. 
Mericos Eye Institute e Scripps Memorial Hospitals 
“Pneumatic Retinopexy” 


La Jolla Marriott Hotel 
La Jolla, California 


One day Symposium and Black Tie Dinner 
CME ACCREDITED 5 HRS. CATEGORY | CME CREDIT 


For Information write or call: 
Mericos Eye Institute of 
Scripps Memorial Hospitals 
P.O. Box 28, La Jolla, California 92038 e 619/453-6222 


















CORNELL ADVANCED VITREOUS 


THE NEW YORK HOSPITAL-CORNELL UNIVERSITY 


SURGERY COURSE 
JUNE 8-10, 1989 


MEDICAL CENTER, 1300 YORK AVENUE 





Guest Faculty: 


George Blankenship, M.D. 
Mark Blumenkranz, M.D. 
Jay Federman, M.D. 

Bert M. Glaser, M.D. 
Allen Krieger, M.D. 
Brooks McCuen II, M.D. 
Ron Michels, M.D. 


TOPICS: 


Social Program: An Evening at "Phantom of the Opera" 


Registration: $450 
$150 Residents, Fellows 


Proliferative Diabetic Retinopathy 
New Instruments 
Vitreous Substitutes 
Ocular Trauma 


NEW YORK, NEW YORK 


Course Directors: 


Stanley Chang, M.D. 
D. Jackson Coleman, M.D. 


Cornell Faculty: 


Murk-Hein Heinemann, M.D. 
Harvey Lincoff, M.D. 


Proliferative Vitreoretinopathy 
Pharmacologic Therapy 
Viral Retinitis 


Contact: Ms. Elizabeth Nohilly 
New York Hospital, Starr-817 
520 E. 70th St. 
New York, N.Y. 10021 
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Continuing Medical Education 





Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusion in the list free of charge. Listings will be published for three consecutive 
months and should be received at least two months prior to date of course, eg, by Jan 1 to be 
included in the March, April, and May issues. A course held between the first and 14th 
days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Cinda Gislason, Archives of Ophthalmology, CME, 
1855 W Taylor St, Chicago, IL 60612. Readers are encouraged to contact the accredited 


sponsor for more detailed information. 
CALIFORNIA 


Advanced Retina Seminar At: Carmel Valley 
Dates: 4/13/89 to 4/15/89 Reg Fee: $575 Hrs 
Instr: 12 Contact: Lorraine Fisher, c/o How- 
ard Schatz, MD, 1 Daniel Burnham Ct, #210, 
San Francisco 94109; (415) 441-0906 


Visions in Ophthalmol ’89 At: La Jolla Date: 
4/1/89 Sponsored by: Scripps Mem Hosp Reg 
Fee: $100 ($45 nurses and tech) Hrs Instr: 5 
Contact: Nomi Feldman, Conf Coordinator, 
3770 Tansy St, San Diego 92121; (619) 453- 
6222 


Ninth Ann Current Concepts in Ophthalmol At: 
San Diego Dates: 6/23/89 to 6/25/89 Contact: 
San Diego Eye Bank, 4077 Fifth Ave, San 
Diego, CA 92103-2180; (619)260-7299 


Ophthalmol in the Third World: A Practical Ori- 
entation At: San Francisco Dates: 3/8/89 to 


3/10/89 Contact: Hass Foundation, c/o Proc- 
tor Med Group, 95 Kirkham St, San Francisco 
94122; (415) 573-1367 


Basic Science Course in Ophthalmol At: Stan- 
ford Dates: 7/4/89 to 8/31/89 Reg Fee: $1550 
Contact: J. W. Bettman, MD, Dept of Ophthal- 
mol, A-157, Stanford Med Center, Stanford 
94305 


COLORADO 


Advanced Aspen Anterior Segment Sem At: 
Aspen Dates: 2/27/89 to 3/3/89 Contact: Shar- 
lee Dodd, Dulaney Eye Foundation, Box 2337, 
Sun City, AZ 85373; (602)933-3845 


Facial Cutaneous Surgery: Mohs, Reconstruc- 
tive, Cosmetic At: Copper Mountain, Colo 
Dates: 3/25/89 to 4/1/89 Hrs Instr: 30 Contact: 
Debbie DeSmyther, Prgm Assist, Off of CME, 


Towsley Ctr-Box 0201, Univ of Michigan Med 
Sch, Ann Arbor, Mich 48109; (313) 763-1400 


Ninth Ann Meet Aspen Corneal Soc At: Snow- 
mass Dates: 2/18/89 to 2/25/89 Reg Fee: $325 
before 1/1/89, $375 after 1/1/89 Speakers: 
Jerry Shields, MD; Michael Lemp, MD; Thomas 
Wood, MD; Peter Laibson, MD; Roger Meyer, 
MD Contact: Mitchell H. Friedlaender, MD, 
Div of Ophthalmol, Scripps Clinic and Res 
Found, 10666 N Torrey Pines Rd, La Jolla, CA 
92037; (619)455-9100 


Sixth Ann Wilmer Inst Current Concepts in Oph- 
thalmol At: Vail Dates: 3/18/89 to 3/25/89 Hrs 
Instr: 30 Reg Fee: $475 prac phys, $325 resi- 
dents & fellows Contact: Prgm Coordinator, 
CME, The Johns Hopkins Med Inst, Turner 22, 
720 Rutland Ave, Baltimore, MD 21205; 
(301 )955-2959 


CONNECTICUT 


First Ann Glaucoma Symp At: Norwalk Date: 
3/23/89 Contact: Lynn Ogilvy, OptiCare Eye 
Health Center, 40 Cross St, Norwalk, CT 06851; 
(203 )845-3900 


DISTRICT OF COLUMBIA 


Vitreoretinal Diseases & Surg Symp Dates: 4/ 
28/89 to 4/29/89 Sponsored by: Washington 
National Eye Ctr and Dept of Ophthalmol of 
the Washington Hosp Ctr Contact: Penelope 
A. Helfgott, WNEC, Suite 6B-13, 110 Irving St, 
NW, Washington, DC 20010; (202)877-6982 


Tenth Ann Rev Course CME & Ophthalmic Med 
Assistants Dates: 5/11/89 to 5/13/89 Contact: 
Phyllis L. Fineberg, COMT, Ctr for Sight, 
Georgetown Univ, 3800 Reservoir Rd, NW, 
Washington, DC 20007; (202)687-4862 

(Continued on p 463.) 


BASIC SCIENCE COURSE IN OPHTHALMOLOGY 
AT STANFORD 


July 5 through August 31, 1989 


Sponsored by the Department of Ophthalmology, Stanford University Medical Center and presented in cooperation 
with the University of California, Davis; Pacific Presbyterian Medical Center; and the University of California, San 
Francisco. 


Learn the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful Stanford 
University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Physiology and Biochemistry, Embryology, 
Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, Fluorescein Angiography, Optics and Theory of 
Refraction, and other important shorter subjects. 


Instructors include Doctors C. Beard, J. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, P. Egbert, J. Eliason, 
M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, G. Paris, H. Schatz, A. Scott, W. Scott, R. 
Shaffer, M. Smith, G. Smolin, W. Spencer, R. Stamper and many others on the faculty of 60. 


Tuition is $1,550. For further information and application forms, please write to J.W. Bettman, M.D., Department of 
Ophthalmology, A-157, Stanford Medical Center, Stanford, California 94305. 
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CHRISTIAN OPHTHALMOLOGY SOCIETY 


invites you to the 13th annual meeting 


OKLAHOMA CITY 


JUNE 15-18, 1989 


This meeting will feature a CATARACT panel with Dr. James P. Gills and Dr. Robert 
H. Osher---- a GLAUCOMA panel with Dr. Paul F. Palmberg and Dr. Richard Parrish-- 
and other knock-out papers including "Malignant optic neuritis", "Ocular Lyme Borreliosis 
1989", "Cornea Update 1989", "Retina/Vitreous Update 1989", plus much, much more! 


Speakers include: Robert N. Serros, MD, J. James Rowsey,MD 
J.Lawton Smith, MD Bradley K. Farris, MD Jack Hough, MD John A. McCrary, MD 
David G. Haney,MD Roger D. Bonham, MD William Smitty, MD, in addition to those 
named above. This program will provide both SCIENTIFIC and SPIRITUAL talks - and 
all will be given by physicians. You'll even hear Dr. J. James Rowsey speak on 
"MONEY, SEX, AND POWER IN MEDICINE" You will not want to miss it! 


The meeting has been approved for category 1 CME credit by the University of 
Oklahoma Medical School -- there will be testimonies, music, tour of National Cowboy 
Hall of Fame, discussion times, small group meetings, great facilities for children, 
fabulous spouses’ program with Margaret Joffrion and Glenna Haney-- and everything 
has been planned for you and your family to have a huge blessing in every way. 


Now - hold on to your seats when you hear this!! The registration fee of $150 
per family will be waived for medical students, interns, residents, and fellows- and not 
only that, but they can apply for $300 grants to help with expenses and they will be 
provided as long as funds hold out! For more information, a copy of the program, et 


al-- write now: 
BRADLEY K. FARRIS,MD 


c/o Dept.Ophthalmology, Univ. Okla. 


608 Stanton L. Young Boulevard 
Oklahoma City, Okla. 73104 


— 


(Continued from p 461.) 
FLORIDA 


Ophthalmic Review At: Jacksonville Dates: 3/ 
31/89 to 4/1/89 Guest Speakers: Drs Richard 
Brubaker, Dennis Robertson, Donald Gass, 
Jack Kennerdell Contact: Marian Hunter, 
Mayo Clinic Jacksonville, 4500 San Pablo Rd, 
Jacksonville 32224; (904) 223-2000 


Clin Vision Res: Epidemiologic & Biostatistical 
Approaches At: Longboat Keys Dates:4/26/89 
to 4/29/89 Contact: Catherine M. Beinhauer, 
Conf Management Assoc, 127 Brook Hollow, 
Hanover, NH 03755; (603)643-2325 


Problem-Oriented Approach to Vitreous Surg At: 
Miami Dates: 2/27/89 to 3/1/89 Hrs Instr: 12.5 
(2 hrs for lab session) Reg Fee: $350, $100 prac 
lab Contact: Continuing Education in Oph- 
thalmology Inc, Bascom Palmer Eye Inst, Box 
015869, Miami 33101; (305)326-6099 


Florida Soc of Ophthalmol Ann Mtg At: St Peters- 
burg Dates: 3/17/89 to 3/19/89 Hrs Instr: 7.5 
Contact: Florida Soc of Ophthalmol, 1133 W 
Morse Blvd, Suite 201, Winter Park 32789; 
(407)647-8839 


Eyelid Surgery: A Basic Course for the Practic- 
ing Physician At: Tampa Date: 2/18/89 Course 
Dir: J. J. Older Contact: Northside Med Ctr, 
Suite 210, 13550 N 31st St, Tampa 33613; (813) 
971-3846 


ILLINOIS 


Seventh Ann Clin Challenges Day At: Chicago 
Date: 3/15/89 Hrs Instr: 7 Reg Fee: $50 Con- 
tact: Clin Challenges Day Registrar, Conf and 
Inst (M/C 607) Univ of Illinois at Chicago, Box 
6998, Chicago 60680; (312)996-5225 





ANNUAL SPRING MEETING 


Ophthalmol Rev Course At: Chicago Dates: 4/ 
7/89 to 4/12/89 Hrs Instr: 60 Contact: Joseph 
H. Selliken, Jr, MD, The Ostler Institute, 1094 
Dawn Ln, Terre Haute, IN 47802; (800)356-7537 
or (812)299-5658 


Chicago Ophthalmol Soc Update Conf at: Chica- 
go Dates: 5/25/89 to 5/26/89 Hrs Instr: 10 
Contact: Julie Hughes, 515 N Dearborn St, 
Chicago 60610; (312)670-2583 


KANSAS 


Kansas Eyecon ’89: Focus on Pediatric Ophthal- 
mol & Retinal Diseases At: Kansas City Dates: 
4/6/89 to 4/8/89 Reg Fee: $225 Hrs Instr: 10 
Contact: Eve Lankston, Kansas Eye Ctr, c/o 
Dept of Ophthalmol, Univ of Kansas Med Ctr, 
39th & Rainbow Blvd, Kansas City; (913) 588- 
6605 


LOUISIANA 


Thirty-eighth Ann Symp on Pediatric Ophthal- 
mol, Strabismus, & Oculoplastic Surg At: New 
Orleans Dates: 3/3/89 to 3/5/89 Hrs Instr: 22 
Reg Fee: $350 prac phys ($400 after 1/1/89) 
Contact: Emily Busby, New Orleans Academy 
of Ophthalmol, Eye, Ear, Nose & Throat Hosp, 
2626 Napoleon Ave, Suite 2076, New Orleans 
70115; (504)899-9955 


MARYLAND 


Mohammed Aziz Mem Ann Lecture on Blindness 
of the Tropics At: Baltimore Date: 3/16/89 
Speaker: Carl Kupfer, MD Contact: Alice R. 
Flumbaum, c/o Hugh R. Taylor, MD, Dana 
Center, Wilmer Inst, 600 N Wolfe St, Baltimore 
21205; (301)955-8179 


Ophthalmic Nursing Sem: Update ’89 At: Balti- 
more Date: 4/24/89 Reg Fee: $65 Contact: 
Francette Boling, CME, The Johns Hopkins 
Med Inst, 720 Rutland Ave, Baltimore, 21205; 
(301) 955-2959 


MASSACHUSETTS 


Postgraduate Ophthalmol Course At: Boston 
Dates: 3/17/89 to 3/21/89 Hrs Instr: 50 Con- 
tact: Harvard Med Sch, CME Box 825, Boston 
02117; (617)732-1525 


Solving Cornea Dilemmas At: Boston Date: 3/ 
18/89 Sponsor: Massachusetts Eye and Ear Inf 
& Harvard Med Sch Contact: Harvard Med 
Sch, Dept of CME, Boston 02115; (617)732- 
1525 


Eighteenth Ann Course in Prac Aspects of Pho- 
tocoagulation At: Boston Dates: 3/30/89 to 
4/1/89 Hrs Instr: 16(Full Course) 10(Didactic 
Course) Reg Fee: $500(Full Course) $300 (Di- 
dactic Course) Contact: J. Wallace McMeel, 
MD, Attn: Ms J. Cerone, 100 Charles River 
Plaza, Boston 02114; (617)532-7810 


MICHIGAN 


Recent Advances in Cornea, External Disease & 
Cataract: 61st Ann Spring Conf At: Ann Arbor 
Dates: 5/19/89 to 5/20/89 Hrs Instr: 13 Con- 
tact: Betty Phillips, Prog Asst, Office of CME, 
Towsley Center, Box 0201, Univ of Mich Med 
Sch, Ann Arbor 48109; (313) 763-1400 


Twelfth Ann Ophthalmol Rev Course At: Detroit 
Dates: 3/9/89 to 3/14/89 Reg Fee: $550 prac 
phys, $400 residents & fellows Contact: Div of 
CME, Wayne State Univ Sch of Med, 4201 St 
Antoine, 4H-2, Detroit 48201; (313)577-1180 
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3RD ANNUAL 
OKLAHOMA NEURO-OPHTHALMOLOGY COURSE 


THe: ORBIT 


Presented by 


the University of Oklahoma and the Dean A. McGee Eye Institute 


GUEST FACULTY: 


CLINICAL PROBLEMS TO BE 
DISCUSSED: 


May 12 and 13, 1989 


the Homestead; Hot Springs, Virginia 


Guest Speakers: 
Michael Cobo, M.D., Durham, NC 
David Epstein, M.D., Boston, MA 
Robert Fenzel, M.D., Irvine, CA 
Neil Miller, M.D., Baltimore, MD 


Additional Workshops: 
Medico-Legal Update 
Phacoemulsification Wet Lab 


For additional information and registration, 
call Donna Strawderman at (804) 353-2721. 


Milton Boniuk, M.D. 
Cullen Eye Institute 
Baylor College of Medicine 


Bradley K. Farris, M.D. 
Dean A. McGee Eye Institute 
University of Oklahoma 


Barrett Haik, M.D. 
Tulane Medical School 
New Orleans, Louisiana 


Robert Quencer, M.D. 
University of Miami School 
of Medicine 
Miami, Florida 


The Orbit Course will be 
followed by the 13th ANNUAL 
RESIDENTS AND ALUMNI 
MEETING, University of 
Oklahoma, Department of 
Ophthalmology, 


JUNE 3, 1989 


Tuition included in course fee if 
attending both. 


Neuro-Ophthalmology and Orbital 
Disease 


Orbital Neuroimaging 

Clinicopathological Features 
of Orbital Disease 

Thyroid Eye Disease 

Neuroimaging of the Anterior 
Visual Pathways 

Pediatric Orbital Tumors 


Adult Orbital Tumors and Their 
Management 


The Neuro-Ophthalmology 
Course has been approved for 6 
hours of CME credit in Category |. 


For more information and 
registration, contact: 


Office of Continuing Medical 
Education 

P.O. Box 26901 

3SP511 

Oklahoma City, Oklahoma 73190 


June 2, 1989 
THE WATERFORD HOTEL 
Course Fee:$17500 Oklahoma City, Oklahoma 
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~ DOCTOR - DO YOU REALIZE THAT - 





TIME IS WASTING!!! 


YOU NEED TO SUBSCRIBE TO 


NEURO-OPHTHALMOLOGY TAPES 


by J.Lawton Smith,MD 
NOW!!! 


RUSH YOUR CHECK FOR $195 FOR CURRENT YEAR 
OR FOR $100 FOR ANY PREVIOUS YEAR — 
MADE OUT TO 
NEURO-OPHTHALMOLOGY TAPES TO 
9820 SW 62 COURT,MIAMI,FL.33156. 


PS - Send $34.95 for a copy of the new book 
"NEURO-OPHTHALMOLOGY ENTERS THE NINETIES!" 


THANKS A TON! 


-r 


(Continued from p 463.) 
NEW YORK 


A Clin Day in Ophthalmol: Marketing Topics At: 
Garden City Date: 4/12/89 Contact: Ann J. 
Boehme, CMP, Assoc Dir for CME, Long Island 
Jewish Med Ctr, New Hyde Park 11042; 
(718)470-8650 


Fifth Ann Live-Video Ophthalmic Plastic Surg 
Workshop: The Masters of Ophthalmic Plastic 
Surg At: New York Dates: 3/10/89 to 3/11/89 
Contact: Ophthalmol Course Coordinator, 
Manhattan Eye, Ear & Throat Hosp, 210 E 
64th St, New York 10021 


New York Soc for Clin Ophthalmol Spring Mtg 
At: New York Date: 3/18/89 Contact: Francine 
Leinhardt, 210 E 64th St, New York 10021; 
(212) 838-9200, ext 2776 


1989 Sigmund Schutz Professorship At: New 
York Dates: 4/6/89 to 4/8/89 Guest Speaker: 
Lorenz E. Zimmerman, MD Contact: Martha 
Klapp, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New York; (212) 605-3762 


Cornell Advanced Vitreous Surg Course At: New 
York Dates: 6/8/89 to 6/10/89 Contact: Eliza- 
beth Nohilly, New York Hospital, Starr-817, 
520 E 70th St, New York, NY 10021 


OKLAHOMA 


Thirteenth Ann Meet Christian Ophthalmol Soc 
At: Oklahoma City Dates: 5/15/89 to 5/18/89 
Contact: Bradley K. Farris, MD, Dept of Oph- 
thalmol, Univ of Oklahoma, 608 Stanton L. 
Young Blvd, Oklahoma City 73104 


Second Ann Neuro-Ophthalmol Course At: Okla- 
homa City Date: 6/2/89 Hrs Instr: 6 Reg Fee: 
$175 Contact: Office of CME, Box 26901, 
3SP511, Oklahoma City 73190 


NINTH ANNUAL 
SAN DIEGO 


CURRENT CONCEPTS IN OPHTHALMOLOGY 


June 23-25, 1989 
San Diego Princess Resort 


PENNSYLVANIA 


Fourteenth Ann Ophthalmol Rev Course At: 
Philadelphia Dates: 3/18/89 to 3/22/88 Hrs 
Instr: 41 Reg Fee: $600 prac phys, $300 resi- 
dents Contact: Lucia M. Manes, Dept of Cont 
Med Educ, Wills Eye Hosp, 9th & Walnut 
Streets, Philadelphia 19107; (215)928-3378 


Ophthalmol Soc Spring Mtg At: Pittsburgh 
Dates: 4/13/89 to 4/15/89 Reg Fee: $225 Con- 
tact: Pat Williamson, Exec Assistant, 2545 
Mosside Blvd, Monroeville 15146; (412)243- 
8845 


Cataracts in Children At: Philadelphia Date: 
4/28/89 Hrs Instr: 6 Contact: Mary Allegrini, 
Scheie Eye Inst, 51 N 39th St, Philadelphia 
19104; (215)662-8119 


Fourth Ann Eye Trauma Symp At: Philadelphia 
Dates: 5/12/89 to 5/13/89 Hrs Instr: 11 Con- 
tact: Dept of CME, Wills Eye Hosp, 9th & 
Walnut Streets, Philadelphia 19107; (215)928- 
3378 


Tenth Anniversary Symp for Allied Ophthalmic 
Personnel At: Pittsburgh Dates: 4/14/89 to 
4/15/89 Reg Fee: $225 Contact: Pat William- 
son, Exec Assist, 2545 Mosside Blvd, Monroe- 
ville 15146; (412)243-8845 


Advances Orbital Surgery: Techniques & Practi- 
cal Experience At: Pittsburgh Dates: 4/21/89 
to 4/22/89 Hrs Instr: 12 Reg Fee: $950 Contact: 
CME, Allegheny Gen Hosp, 320 E North Ave, 
Pittsburgh 15212; (412)359-4952 


SOUTH CAROLINA 


Fifteenth Ann Mtg of the Am Assoc for Pediatric 
Ophthalmol and Strabismus at: Kiawah Island 
Dates: 4/15/89 to 4/18/89 Contact: Tricia Ste- 


1404 West Vacation Road, San Diego, CA 92109 


FACULTY 
Frederick C. Blodi, M.D. 
Johnathan D. Trobe, M.D. 
David J. Apple, M.D. 
Donald Doughman, M.D. 
Richard L. Anderson, M.D. 

¢ Robert Johnson, M.D. 


ae Paul W. Weber, M.D. 


Physicians $300 ($400 after May 27) 
Residents, Nurses, Technicians 


IOUE E PAUE i mE AA, 


For Information write or call: 


Richard Sherman 


Date: 


Time: 


Place: 


San Diego Eye Bank, 4077 Fifth Avenue 


San Diego, CA 92103 





(619) 260-7299 
13.25 CME Cat I Credits available 


vens-Petras, Coordinator, 305 Twin Ridge 
Lane, Richmond, VA 23235; (804)320-2833 


TENNESSEE 


18th Ann Univ of Tenn Residents-Alumni Day At: 
Memphis Dates: 3/10/89 Guest Speaker: Jack 
Holladay, MD Reg Fee: None Contact: Roger 
L. Hiatt, MD, Dept of Ophthalmol, Univ of 
Tenn, 956 Court Ave, Memphis 38163; (901) 
528-5883 


TEXAS 


11th Ann Dallas Spring Ophthalmol Symp At: 
Dallas Dates: 3/31/89 to 4/1/89 Hrs Instr: 10 
Reg Fee: $250 Guest Speakers: Bruce Shields, 
MD & George Spaeth, MD Contact: Susan 
Shelby, Texas Retina Assoc, 7150 Greenville 
Ave, Suite 400, Dallas 75231; (214) 692-6941 


Clin Adv in Ophthalmol for the Prac Ophthalmol- 
ogist At: Houston Dates: 3/17/89 to 3/19/89 
Contact: Carol J. Soroka, Office of CME, Bay- 
lor Coll of Med, One Baylor Plaza, Houston 
77030; (713)798-6020 


international Symp on Acanthamoeba & the Eye 
At: Houston Dates: 4/14/89 to 4/16/89 Contact 
Tamara C. Greiner, Office of CME, Baylor Coll 
of Med, One Baylor Plaza, Houston 77030; (713) 
798-6020 


Ninth Ann Ophthalmol Clin Conf At: San Antonio 
Dates: 3/31/89 to 4/1/89 Contact: CME, 
UTHSCSA, 7703 Floyd Curl Dr, San Antonio 
78284; (512) 567-4444 


VIRGINIA 


Ann Spring Mtg Virginia Soc Ophthalmol At: Hot 
Springs Dates: 5/12/89 to 5/13/89 Contact: 
Donna Strawderman; (804)353-2721 

(Continued on p 267.) 


First Annual Glaucoma Symposium 


Topics 


“LASER SURGERY OF THE ANTERIOR 
SEGMENT OF THE EYE”’ 
Charles Davis Belcher, III, M.D. 
Clinical Assistant in Ophthalmology 


Harvard Medical School 


Boston, MA 


“GLAUCOMA IN PSEUDOPHAKIA”’ 
Joseph H. Krug, Jr., M.D. 
Director of Glaucoma Unit 
OptiCare Eye Health Center 


Norwalk/Waterbury, CT 





Thursday, March 23, 1989 


6:00 p.m. Cocktails 
7:00 p.m. Dinner 
7:30 p.m. Lecture Series 


OptiCare Eye Health Center 
40 Cross Street 
Norwalk, CT 


For reservations please call 845-3942 


Sponsored by: 
Merck Sharp & Dohme 


and 


tae’ 


EYE HEALTH CENTER 
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The Ophthalmology Review Course 


OBJECTIVES 


è Improve basic and clinical knowledge in ophthalmology 


April 7-12, 1989 — Chicago 


November 6-11, 1989 — Philadelphia 
May 5-10, 1990 — San Francisco 


Now, your only BROAD REVIEW just before Written and Oral Exams 


è Assist residents and fellows in organizing study 
è Prepare candidates to take examinations 


METHODS 


e HOME STUDY MATERIALS with a syllabus of questions 
and answers — and assignments 

e SEMINAR with projection- slide lectures and syllabus 

ə Provide practicing ophthalmologists with a review and update # PRACTICE EXAMS with oral and written parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, | "Accommodations were comfortable...."* 


not only from world-famous authorities but from people who are relatively unknown as well."* 


Fundamentals 
Anatomy 
Biochemistry 
Physiology 
Pharmacology 


Optics and Refraction 
Ophthalmic Optics 
Refractive Errors 
Instruments 
Clinical Refraction 


Intraocular 
Inflammation 


Uveal Tract 
Ocular Tumors 


Posterior Segment 
Retina 
Vitreous 
Laser Surgery 
Macula 
Vascular Disease 


Neuro-ophthalmology 
Neuroanatomy 
Optic Nerve 
Visual Pathways 
Pupillomotor System 
Oculomotor System 


Pediatric Eye 
Congenital Disorders 
Genetic Disorders 
Strabismus 


Ocular Surface 
External Disease 
Cornea 
Conjunctiva 
Sclera 


Anterior Segment 
Anterior Angle 
Glaucoma 
Lens 
Trauma 


Orbit and Adnexa 
Orbit 


Eyelids 
Lacrimal System 
Plastic Surgery 


Medical Problems 
Immunology 


Endocrinology 
Systemic Diseases 
Emergencies 


Ophthalmic Pathology 
Adnexa and Orbit 
External Eye 
Anterior Segment 
Posterior Segment 


Other Activities 


Pathology Laboratory 


Written Exam 
Oral Exam 
Exam Review 


J. Douglas Cameron, M.D. 


University of Minnesota 


Richard Dennis, M.D. 
Rush Medical College 


Thomas Deutsch, M.D. 


Rush Medical College 


Randy Epstein, M.D. 
Rush Medical College 


Robert Feder, M.D. 
Nortwestern University 


Geoffrey Gladstone, M.D. 
William Beaumont Hosp., Detroit 


Mark Greenwald, M.D. 


Northwestern University 


David Guyton, M.D. 
Johns Hopkins Universty 


Marilyn Mets, M.D. 
University of Chicago 


Richard Miller, M.D. 


University of Illinois, Rockford 


Thomas Mizen, M.D. 
Rush Medical College 


Michael Rosenberg, M.D. 


Northwestern University 


Joseph Sassani, M.D. 


Pennsylvania State University 


Howard Tessler, M.D. 


University of Illinois, Chicago 


Elise Torczynski, M.D. 


University of Chicago 


Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 


GOALS AND LOCATION: The course 
is held the week before written and oral 
exams. Home study questions will be sent 
before the course. Your best value is to 
repeat the seminar for half price the week 
before both written and oral exams. 
Topics and faculty are upgraded for each 
program. Meeting hotels are chosen for 
the best combination of excellent study 
site and reasonable cost for travel and 
room. Our rates are typically $66 to $80 
single and $80 to $98 double. Please wait 
for instructions before buying your travel 
tickets. 


"and those little extras...."* 


LOWEST AIR FARES: Reliable Travel 
offers you the lowest air fare — often 
below super-saver rates. Please call toll- 
free 1-800-645-6504 ext. 10 and identify 
yourself with this Osler course. 


"remarkably complete and pleasant."* 


PLACEMENT SERVICE: For practice 


opportunities write or call (800) 356-7537. 
"the most education for the money."* 


FEES AND C.M.E. CREDITS: 

e C.M.E. Credit: 60 hours 
e Practicing Ophthalmologists: $660 
e Residents and Fellows: $440 


e Repeating course within 3 years: half price 
e Add 10% within 10 days of the course. 

e Attendees not in course hotel add $8/day. 

e $50.00 will reserve your position.. 


"home study material was extremely helpful."* 
CANCELLATIONS: Refunds subject to $50 


fee, will be made until the seminar begins. 
eCancellation after mailing home study 


u 

: Name ‘material requires retention of half of the 
: Address : fee. 

: City/State/Zip ' "I feel [the course] helped me pass...."* 

: Phone For:[] April 7-12, 1989— Chicago INFORMATION: 

' ° C] Nov. 6-11, 1989 — Phildelphia ; Joseph H. Selliken, Jr., M.D. 

: Mail today to: ie gt soc E THE OSLER INSTITUTE 
R Tyna Lae: DERAS LI May S710, ean Francisco + 1094 Dawn Lane, Terre Haute, IN 47802 
: P.O. Box 2218 on C] Check is enclosed for $ s (800) 356-7537 or (812) 299-5658 

` Terre Haute, IN 47802 [£ Please send more information.  & * Comments by past Osler participans 


wp 


md 
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Wills Eye Hospital 


and 


The National Eye Trauma System 


will sponsor 


“The Fourth Annual Eye Trauma Symposium” 
May 12—13, 1989 


at the Sheraton Society Hill Hotel, 
Philadelphia, PA 


John B. Jeffers, M.D., Program Chairman 


Robert S. Bailey, Jr., M.D., Program Co-Chairman 


Topics to include: Section Chairman: 
Anterior Segment Peter R. Laibson, M.D. 
Posterior Segment William E. Benson, M.D. 
Oculoplastic Joseph C. Flanagan, M.D. 


AMA-CME 11 Credit Hours 
(Category I) 


Further Information: 
Department of Continuing Medical Education 
Wills Eye Hospital 
9th & Walnut Streets 
Philadelphia, PA 19107 
(215) 928-3378 
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WEST VIRGINIA 


Forty-second Ann Natl Spring Mtg At: White 
Sulphur Springs Dates: 4/23/89 to 4/26/89 
Contact: Ivan R Schwab, MD, WV Acad of 
Ophthalmol, Box 6302, Health Sciences Ctr N, 
Morgantown 26506 


WISCONSIN 


Current Concepts in Ophthalmol Seminar ’89 At: 
Madison Dates: 4/6/89 to 4/8/89 Hrs Instr: 18 
Contact: Cathy Means, University of Wiscon- 
sin CME, 2715 Marshall Ct, Madison 53705; 
(608)263-6637 


FOREIGN 


Intercapsula ’89 At: Liege, Belgium Dates: 3/ 
19/89 to 3/21/89 Contact: Secretariat du Dr A. 
Galand, Clinique Sainte Rosalie, 72 rue des 
Wallons, B-4000 Liege, Belgium 


Neuro-Ophthalmol Conf At: Southampton Prin- 
cess, Bermuda Dates: 5/25/89 to 5/29/89 Hrs 
Instr: 18 Sponsors: Med Ctr & Div of Ophthal- 
mol, North Shore Univ Hosp Contact: Ann J. 
Boehme, CME, Long Island Jewish Med Ctr, 
New Hyde Park, NY 11042; (718)470-8650 


Fifteenth Ann Mtg Canadian Implant Assn At: 
Montreal Dates: 6/2/89 to 6/3/89 Contact: 
Marvin L. Kwitko, MD, Prgm Chairman, 5591 
Côte des Neiges Rd, Montreal, Quebec, Canada 
H8T 1Y8; (514)735-1133 


Seventh Biennial Canadian Contract Lens & 
Anterior Segment Conf At: Toronto Dates: 
5/26/89 to 5/28/89 Contact: Harold A Stein, 
MD, 170 Bloor St, W, #210, Toronto, Ontario, 
Canada; (416) 966-3336 


Internati Congress on Ocular Trauma (Anterior, 
Posterior, & External Segments) At: Tel-Aviv, 
Israel Dates: 2/19/89 to 2/24/89 Co-Chairper- 
sons: G. Treister (Israel), B. Glaser (USA) 
Contact: The Secretariat, Internat] Congress 
on Ocular Trauma, Box 50006, Tel-Aviv 61500, 
Israel; (03)654571 


Twenty-second Panhellenic Ophthalmol Congr 
At: Athens, Greece Dates: 5/25/89 to 5/28/89 
Contact: Prof John Koliopoulos, 10, Loukianou 
St, 106 75 Athens, Greece; (01) 72.30.841 


N Am Neuro-Ophthalmol Soc At: Cancun, Mex 
Dates: 3/6/89 to 3/12/89 Speaker: Charles G. 
Drake, MD Contact: NANOS, 302 Juniper Hill 
Road, NE, Albuquerque, NM 87122; (505)293- 
2963 


Third Internati Cataract, Implant, Microsurgical 
& Refractive Keratoplasty Mtg At: Fukuoka, 
Japan Dates: 5/27/89 to 5/28/89 Sponsor: 
Asia-Pacific Intraocular Implant Club Con- 
tact: Fumihiko Hayashi, MD, Hayashi Eye 
Hosp, 4-7-13 Hakataekima, Hakata-ku, Fukuo- 
ka, 812, Japan: (092) 431-1680 


Eleventh Ann Wilmer Inst Current Concepts in 
Ophthalmol At: Dorado, Puerto Rico Dates: 
2/19/89 to 2/26/89 Hrs Instr: 30 Reg Fee: $475 
prac phys, $325 residents & fellows Contact: 
Prgm Coordinator, CME, The Johns Hopkins 
Med Inst, Turner 22, 720 Rutland Ave, Balti- 
more, MD 21205; (301)955-2959 


Ophthalmol ’89 At: Jeddah, Saudi Arabia Dates: 
3/29/89 to 4/1/89 Fee: $125 Contact: Ophthal- 
mol ’89, Office of the Saudi Ophthalmol Soc, 
Box 55307, Riyadh 11534, Saudi Arabia 


Second Ann Caribbean Glaucoma Symposium 
At: St Thomas, US Virgin Islands Dates: 3/ 
17/89 to 3/18/89 Contact: Mary Bryant, How- 
ard Univ Hosp Div of Ophthalmol, 2041 Geor- 
gia Ave NW, Washington, DC 20060; (206)865- 
1257 
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(prednisolone acetate 1%, gentamicin sulfate 3 mg/mL base) 
Liquifilm® sterile ophthalmic suspension 


DESCRIPTION: Pred-G Liquifilm sterile ophthalmic suspension is a topical anti-inflam- 
matory/anti-infective combination product for ophthalmic use. Chemical Names: Pred- 
nisolone acetate: 118,17,21-Irihydroxypregna-1,4-diene-3,20- dione 21-acetate. Gentamicin 
sulfate is the sulfate salt of gentamicin C4, gentamicin Co, and gentamicin C44 which are 
produced by the growth of Micromonospora purpurea. Contains: prednisolone acetate 
(microfine suspension) 1.0%, gentamicin sulfate equivalent to 0.3% gentamicin base with: 
Liquifilm® (polyvinyl alcohol) 1.4%; benzalkonium chloride 0.005%; edetate disodium; 
hydroxypropyl methylcellulose; polysorbate 80; sodium citrate, dihydrate; sodium chloride; 
sodium hydroxide and/or hydrochloric acid to adjust the pH; and purified water. CLINICAL 
PHARMACOLOGY: Corticosteroids suppress the inflammatory response to a variety of agents 
and they probably delay or slow healing. Since corticosteroids may inhibit the body's defense 
mechanism against infection, a concomitant antimicrobial drug may be used when this 
inhibition is considered to be clinically significant in a particular case. The anti-infective 
component in Pred-G is included to provide action against specific organisms susceptible 
to it. Gentamicin sulfate is active in vitro against susceptible strains of the following micro- 
organisms: Staphylococcus aureus, Group A beta-hemolytic and non-hemolytic 
streptococci, Streptococcus pneumoniae; Escherichia coli, Hemophilus influenzae, 
Klebsiella/Enterobacter species, Neisseria species, Pseudomonas aeruginosa, Serratia 
marcescens. When a decision to administer both a corticosteroid and an antimicrobial 
is made, the administration of such drugs in combination has the advantage of greater 
patient compliance and convenience, with the added assurance that the appropriate dosage 
of both drugs is administered. When both types of drugs are in the same formulation, 
compatibility of ingredients is assured and the correct volume of drug is delivered and 
retained. The relative potency of corticosteroids depends on the molecular structure, con- 
centration, and release from the vehicle. INDICATIONS AND USAGE: Pred-G suspension 
is indicated for steroid-responsive inflammatory ocular conditions for which a corticosteroid 
is indicated and where superficial bacterial ocular infection or a risk of bacterial ocular 
infection exists. Ocular steroids are indicated in inflammatory conditions of the palpebral 
and bulbar conjunctiva, cornea, and anterior segment of the globe where the inherent risk 
of steroid use in certain infective conjunctivitides is accepted to obtain a diminution in edema 
and inflammation. They are also indicated in chronic anterior uveitis and corneal injury 
from chemical, radiation, or thermal burns or penetration of foreign bodies. The use of 
a combination drug with an anti-infective component is indicated where the risk of superficial 
ocular infection is high or where there is an expectation that potentially dangerous num- 
bers of bacteria will be present in the eye. The particular anti-infective drug in this product 
is active against the following common bacterial eye pathogens: Staphylococcus aureus, 
Group A beta-hemolytic and non-hemolytic streptococci, Streptococcus pneumoniae, 
Escherichia coli, Hemophilus influenzae, Klebsiella/ Enterobacter species, Neisseria 
species, Pseudomonas aeruginosa, and Serratia marcescens. CONTRAINDICATIONS: 
Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, and many other 
viral diseases of the cornea and conjunctiva. Mycobacterial infection of the eye. Fungal 
diseases of the ocular structures. Hypersensitivity to a component of the medication. (Hyper- 
sensitivity to the antibiotic component occurs at a higher rate than for other components.) 
Pred-G suspension is always contraindicated after uncomplicated removal of a corneal foreign 
body. WARNINGS: Prolonged use may result in glaucoma, with damage to the optic nerve, 
defects in visual acuity and fields of vision, and in posterior subcapsular cataract forma- 
tion. Prolonged use may suppress the host response and thus increase the hazard of 
secondary ocular infections. In those diseases causing thinning of the cornea or sclera, 
perforations have been known to occur with the use of topical steroids. In acute purulent 
conditions of the eye, steroids may mask infection or enhance existing infection. If these 
products are used for 10 days or longer, intraocular pressure should be routinely moni- 
tored even though it may be difficult in children and uncooperative patients. Employment 
of a steroid medication in the treatment of patients with a history of herpes simplex requires 
great caution. Pred-G is contraindicated in patients with active herpes simplex keratitis. 
Pred-G Liquifilm sterile ophthalmic suspension is not for injection. It should never be injected 
subconjunctivally, nor should it be directly introduced into the anterior chamber of the eye. 
PRECAUTIONS: The initial prescription and renewal of the medication order beyond 20 
milliliters should be made by a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where appropriate, fluorescein 
Staining. The possibility of fungal infections of the cornea should be considered after 
prolonged steroid dosing. ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be attributed to the steroid compo- 
nent, the anti-infective component, or the combination. Exact incidence figures are not 
available since no denominator of treated patients is available. Reactions occurring most 
often from the presence of the anti-infective ingredient are allergic sensitizations. The reac- 
tions due to the steroid component in decreasing order of frequency are: elevation of intra- 
ocular pressure (IOP) with possible development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and delayed wound healing. Secondary 
Infection: The development of secondary infection has occurred after use of combinations 
containing steroids and antimicrobials. Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term applications of steroid. The possibility of fungal 
invasion must be considered in any persistent corneal ulceration where steroid treatment 
has been used. Secondary bacterial ocular infection following suppression of host responses 
also occurs. DOSAGE AND ADMINISTRATION: Instill one drop into the conjunctival sac 
two to four times daily. During the initial 24 to 48 hours, the dosing frequency may be 
increased if necessary. Care should be taken not to discontinue therapy prematurely. Not 
more than 20 milliliters should be prescribed initially and the prescription should not be 
refilled without further evaluation as outlined in PRECAUTIONS above. HOW SUPPLIED: 
Pred-G™ (prednisolone acetate 1.0%, gentamicin sulfate—0.3% base) Liquifilm® sterile 
ophthalmic suspension is supplied in plastic dropper bottles in the following sizes: 5mL— 
NDC 0023-0106-05; 10 mL—NDC 0023-0106-10. Note: Store at room temperature. Avoid 
excessive heat, 40°C (104°F) and above. Protect from freezing. Shake well before using. 
Caution: Federal law prohibits dispensing without prescription. 


= ALLERGAN PHARMACEUTICALS 


_ A Division of Allergan, Inc., Irvine, California 92713 
©1988 























The Washington National Eye Center 
and the Department of Ophthalmology 
of the Washington Hospital Center 


present 


The Seventeenth Annual Spring Symposium 
VITREORETINAL DISEASES AND SURGERY 


Topics will cover Trauma, Posterior Segment Complications of 
Anterior Segment Surgery, Retinal Vascular Disease, Venous 
Occlusive Disease, Retinal Detachment and Diabetes. 


APRIL 28 & 29, 1989 
Washington Hospital Center East Building 
Auditorium and Recreation Room 


COURSE DIRECTORS: 
L. Edward Perraut, Jr., M.D. 
Robert F. Stephens, M.D. 


GUEST LECTURERS: 
Charles C. Barr, M.D. 
University of Louisville 
Louisville, KY 


Mark S. Blumenkranz, M.D. 
Kresge Eye Institute 
Royal Oak, MI 


William E. Benson, M.D. Clement L. Trempe, M.D. 
Wills Eye Hospital Eye Research Institute 
Philadelphia, PA Boston, MA 


Michael T. Trese, M.D. 
Kresge Eye Institute 
Royal Oak, MI 


—April 21, 1989, Deadline—CME Credit Available— 


TUITION: 
$275 Physicians $100 Fellows/Technicians 
FREE for all Residents with Letters from Program Chairmen 


For further information, contact Penelope A. Helfgott, Wash- 
ington National Eye Center, Suite 6B-13, 110 Irving Street, 
N.W., Washington, D.C., 20010, (202) 877-6982. 


Adventist Health System 


Sunbelt 


Ophthalmologists 


Atlanta, Georgia (Smyrna area) 100 bed hospital Ophthalmologist 
with a very busy general ophthalmology practice needs an associate. 
Partnership potential. Generous salary/malpractice and all office 
expenses paid. 


Zephyrhills, Florida (near Tampa) 85 bed hospital. Solo practice with 
coverage, major retirement area with high potential in geriatric 
practice plus a growing young population for general ophthalmology. 
Generous income guarantee. 


Send CV to: 


Professional Resources 
AHS/Sunbelt 

2400 Bedford Road 
Orlando, FL 32803 
Phone: 1-800/327-9290 Nay 
In FL: 407/897-5510 (collect) 


Adventist 
Health System 
Sunbelt — 


Health Care Corporation 
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You can see the difference 





The first one-piece lens with Violet Haptics 
for better visualization 


New EZVUE™ Violet Haptic E A The safe use of the color 
One-Piece Lenses from Em] additive has been clinically 
IOLAB offer an advantage established for many years 
most surgeons prefer... better in Vicryl* Absorbable 
visualization. Its violet colored Ophthalmic Sutures. 
haptics allow you to easily see A 
the lens during insertion and PEVU ors have the 
ae age ‘same haptic flexibility as all 
aid in placing both haptics in 
the capsular bag. Centration OEAB (rOn piod 
5: PMMA lenses. 


and fixation are quickly 
verified. 


EZV UE... 
you ll see the difference. 





Bal 


a Gchusonadchmsen company 
t 


Prior to use, please refer to the product information package insert for indications, cautions, warnings and precautions. | 
IOLAB Corporation, 500 IOLAB Dr., Claremont, CA 91711, 714/624-2020: Customer Service-Toll Free: 800/255-2500 


*Trademark of Ethicon, Inc. © |OLAB 1988 988-1287 





COMBINATION THERAPY 
IN A WHOLE 
NEW LIGHT. 


Introducing © 
The unique steroid/antibiotic combination. 


TM 
tai 


(prednisolone acetate 1%, | 
gentamicin sulfate 3 mg/mL base) 
Liquifilm® sterile ophthalmic suspension 


Please see adjacent page for complete prescribing information. 


= ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc., Irvine CA 92713 ©1988 





